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SUMMARY 
When g r a p h i t e  f i b e r  composites are burned, t h e  l i b e r a t e d  f i b e r s  
This  problem may settle on electrical appara tus  and cause severe damage. 
can be minimized by bonding t h e  f i b e r s  w i th  s i l i c o n e  modified laminat ing 
r e s i n s  t h a t  leave a s i l i c e o u s  r e s i d u a l  char  when they are burned. 
During t h e  f i r s t  year  of t h i s  program, 85 s i l i c o n e  modified 
r e s i n s  have been synthesized and evaluated f o r  t h i s  app l i ca t ion .  Included 
were unsa tura ted  po lyes t e r s ,  thermoset t ing methacrylates ,  epoxies ,  poly- 
imides, and phenol ics .  Neat r e s i n s  were judged i n  terms of S i  con ten t ,  
homogeneity, hardness,  char  formation, and thermal s t a b i l i t y .  Char forma- 
t i o n  w a s  es t imated  by thermogravimetry t o  l ,OOO°C i n  a i r  and i n  N2. 
Thermal s t a b i l i t y  w a s  evaluated by isothermal  weight l o s s  measurements 
f o r  200 h r s  i n  air  a t  t h r e e  temperatures.  
F m r  s i l i c o n e  modified epoxies  were se l ec t ed  f o r  eva lua t ion  i n  
u n i d i r e c t i o n a l  f i l ament  wound g raph i t e  laminates .  Neat samples of these  
r e s i n s  had 1,OOO"C char  r e s idues  of 25-50%. The h ighes t  f l e x u r a l  va lues  
measured for t h e  laminates  were a s t r e n g t h  of 140 k p s i  and a modulus of 
1 
10 Mpsl. The h ighes t  in te r laminar  shear  s t r e n g t h  was 5.3 kps i .  
t h e  r e s i n s  were used t o  make 8" x 8'' x 0.1" f l a t  u n i d i r e c t i o n a l  laminates ,  
which have been shipped t o  NASA-Lewis f o r  f u r t h e r  eva lua t ion .  
Two of 
INTRODUCTION 
Composites made from g raph i t e  f i b e r s  bonded with epoxy o r  o the r  
r e s i n s  are among the  s t ronges t  and s t i f f e s t  materials ava i l ab le .  
found u s e  io  app l i ca t ions  ranging from golf c l u b s  t o  a i r p l a n e  wings. 
However, an unexpected problem has a r i s e n .  When such composites are 
involved i n  a f i r e  t h a t  i s  s u f f i c i e n t l y  in t ense  t o  burn of f  t h e  r e s i n ,  
g raph i t e  f i b e r s  are re leased  i n t o  t h e  a i r .  The f i b e r s  are e l e c t r i c a l  
conductors,  and i f  they set t le  on e l e c t r i c a l  equipment, severe  damage 
can be done. 
They have 
One method of minimizing the  hazard is t o  use laminating r e s i n s  
t h a t  leave a non-volat i le  r e s idue  (char)  when they burn. The r e s idue  
may be expected t o  t r a p  the g raph i t e  f i b e r s  and prevent t h e i r  d i s p e r s a l .  
The purpose of the  research descr ibed i n  t h i s  r epor t  is  t o  prepare s i l i c o n e  
modified polymers t h a t  leave a s i l i c e o u s  res idue  when they burn and t o  
eva lua te  t h e i r  usefu lness  as laminat ing r e s i n s  f o r  g raph i t e  f i b e r s .  
S i l i cone  modified ve r s ions  of t h e  fol lowing types of polymers have been 
s tudied:  unsaturated po lyes t e r s ,  thermoset t ing methacrylates ,  epoxies ,  
phenol ics ,  and polyimides. 
Polymers i n  each c l a s s  have been prepared and evaluated f o r  
cur ing c h a r a c t e r i s t i c s ,  hardness,  and char formation a t  1,OOO"C. 
2 
In a d d i t i o n ,  *weight losses of s e l e c t e d  r e s i n s  have been measured a t  175, 
200, and 225OC f o r  200 hrs .  
the more promising r e s ins .  
were determined. Laminate specimens 8" x 8" x 0.1" from two of the r e s i n s  
were submitted t o  the  L e w i s  Research Center, NASA, f o r  i u r t h e r  evaluat ion.  
Graphi te  f i b e r  laminates have been made from 
Physical  p rope r t i e s  and aging c h a r a c t e r i s t i c s  
The following s e c t i o n s  desc r ibe  work done on t h i s  p r o j e c t  from 
J u l y  1, 1978 to  August 31, 1979. 
SYMBOLS 
A considerable  number of com,jlex polymers have been prepared i n  
the  course of the  p r o j e c t .  Nomenclature fo r  such materials becomes very 
cumbersome un le s s  a system of shorthand symhols is used. The s y s t e m  used 
i n  t h i s  r e p o r t  is designed t o  i d e n t i f y  each polymer quickly snd conc i se ly  
and t o  i d e n t i f y  a p a r t i c u l a r  batch of material. A s e p a r a t e  system has  
been devised for each purpose. 
Each polymer i s  assigned an i d a t i f  i c a t i o n  number which i n d i c a t e s  
t h e  gene ra l  class of material and i d e n t i f i e s  a p a r t i c u l a r  composition 
wi th in  t h e  class. 
va r ious  classes: 
The following l e t t e r  des igna t ions  are used f o r  t h e  
ES ester s i l i c o n e  
EPS epoxy s i l i c o n e  
EpIS epoxy imide s i l i c o n e  
PS phenol Cc s i l i c o n e  
I S  imide s i l i c o n e  
Mas m e t  hacry la te  si1 icone . 
3 
A number is used with each letter designation. 
consecutively to compositions as they were made for the first time. 
If a given composition w a s  prepared again it w a s  not assigned a new number 
unless there w a s  a substantial difference in the method of preparation. 
Numbers were assigned 
Each batch or specimen is assigned a batch number consisting 
of three parts: notebook number, page number, and item on the page. 
Thus, for example, D98-96-2 refers to the second item on page 96 of 
notebook D98. 
records and also distinguishes among different batches of the same polymer 
composition or between different specfmens of cured resin, laminates, etc. 
This number provides a quick reference to the original 
Abbreviations are also used for many of the chemical compounds 
which are referred t o  repeatedly. 
the elements, the following symbols are used for particular chemical 
In addition to standard symbols for 
groups or compounds: 
A P S  
BPA 
BTDA 
DMCS 
DME 
DMES 
DMF 
DMF’S 
EEA 
EG 
E8 
FU 
GL 
GPS 
3-aminopropyl trie t hoxysilane 
?,2-bis(4-hydroxyphenyl)propane 
3,4,3’,4’-benzophenonetetracarboxylic dianhydride 
dimethyldichlorosilane 
1,2-dimethoxyethane 
dimethyldiethoxysilane 
N,N-dimethylformamide 
dimsthylphenylchlorosilane 
2-ethoxyethyl acetate 
ethylene glycol 
Epon 828 (diglycidyl ether of BPA) 
fumaric acid 
glycerol 
3-glycidoxypropyltrimethoxysilane 
4 
HMDS 
HXA 
IP 
MA 
MAPS 
MOE 
Mpcs 
MPMS 
NBA 
PMDA 
PO 
ST 
TBP 
THF 
TMA 
TMCS 
TMES 
vcs 
hexame t hy Id isilazane 
hexame thy1.ene t e t rauine 
isophthalic acid 
maleic anhydride 
3-methacryloxypropyltrimethoxysilane 
2-methoxyethanol 
methylphenyldichlorosilane 
methylphenyldimethoxysilane 
5-norbornene-2,3-dicarboxylic anhydride 
pyromellitic dianhydride 
propylene oxide 
styrene 
tert-butyl perbenzoate 
tetrahydrofuran 
trimellitic anhydride 
trimethylchlorosilane 
trimethylethoxysilane 
vinyltrichlorasilane 
POLYMER PREPARATION 
Silicone Modified Polyesters 
Synthetic plan. - The first step in the synthesis of silicone 
modified polyesters was the preparation of a hydroxy terminated unsaturated 
polyester of moderate molecular weight. Most of these polymers vere 
prepared from ethylene glycol (EG), isephthalic acid (IP), and fumaric 
acid (FU), using an excess of EG to assure hydroxy termination and low 
acid number. In some cases, part of the EG was replaced by glycerol (GL) 
to give a polymer containing hydroxy groups along the chain as well as at 
the ends. Very low molecular weight hydroxy terminated esters were made 
from dibasic acids and propylene oxide (PO). 
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The second s t e p  i n  the  syn thes i s  was  t he  prepara t ion  of a 
polysiloxane having r e a c t i v e  groups, such as chloro  o r  alkoxy, a t tached  
t o  t h e  terminal s i l i c o n  atoms. I n  most cases these  materials were 
d i func t iona l  linear polymers composed of dimethyl o r  methylphenyl s i l oxane  
groups. 
group, such as t r imethyls i loxy ,  o r  a monosubstituted group, such as 
v inyls i l sesquioxy,  o r  both were included i n  t h e  s t r u c t u r e .  
s i loxanes  had f u n c t i o n a l i t i e s  g r e a t e r  o r  less than two. 
Some s i loxanes  were a l s o  made i n  which e i t h e r  an endblocking 
Some of t h e s e  
The t h i r d  s t e p  was t h e  r e a c t i o n  of a polyes te r  from t h e  f i r s t  
a polysi loxane from t he  second s t e p ,  with the  e l imina t ion  of s t e p  and 
either HC1 or an alcohol .  
polysiloxane and unsaturated po lyes t e r  segments. 
o r  dialkoxy s i l a n e  w a s  used ins tead  of a polysi loxane t o  g ive  a polymer 
i n  which each of t h e  s i l i c o n  conta in ing  blocks incorporated only one 
s i l i c o n  atom. 
The product w a s  a block copolymer conta in ing  
I n  some cases  a d i ch lo ro  
The following idea l i zed  equat ion exemplif ies  t h e  t h i r d  s t e p :  
The product of t he  t h i r d  s t e p  was mixed with an  unsaturated 
compound such as s ty rene  (ST), toge ther  with an i n i t i a t o r  such as 
6 
tert-butyl perbenzoate (TBP). When the mixture was heated, copolymeriea- 
tion occurred between the unsaturated compound and the double bonds in the 
polyester to give a crosslinked structure. 
Preparation of polyester intermediates. - Table 1 summarizes the 
compositions of the various polyester intermediates used in the preparation 
of silicone modified polyester resins. 
F61-151-1 and F62-12-1 they were made by a heat-and-sparge procedure at 
temperatures of 200-240'C. In this method some EG is lost with the byproduct 
water. 
It was assumed that no volatilization of the other reactants occurred. 
All batches were reacted to an acid number of less than 5 ,  so essentially 
a l l  terminal groups can be assumed to be hylror.1. 
With the exception of batches 
To compensate for the loss, additional EG was added during the cook. 
1 Hydroxyl content was determined directly by the method of Siggia . 
This value, together with the initial quantities of nonvolatile reactants, 
was used to determine the reactant ratios shown in Table 1. Molecular 
and equivalent weights were obtained from the same data, assuming two 
hydroxyl groups per polymer molecule for the polymers prepared from 
difunctional reactants. This assumption cannot be made for the polymers 
containing GL, and molecular weights are not reported for these materials. 
Other things being equal, reducing the molecular weight of the 
polyester segments increases the silicone content of a silicone modified 
polyester resin. 
F62-12-1 were made for this purpose from PO and FU, using a modification 
of the method of Wygant, et al. . 
Low molecular weight polyester batches F61-151-1 and 
2 
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TABU 1 - COMPOSITIONS OF POLYESTER INTERMEDIATES 
Batch 
No. 
F61-94-1 
F61-94-2 
F61-94-3 
FS1-96-1 
F61-99-1 
F61-126-1 
F61-131-1 
F61-138-1 
F61-139-1 
F61-149-1 
F61-150-1 
F61-151-1 
F61-155-1 
F62-12-1 
F62-25-3 
F62-34-1 
F62-39-1 
Equivalent Ut. 
Composition, Moles Double 
IP FU EG GL PO X OH OH Bond Mw - -- ---- 
1 1  
1 1  
1 1  
1 1  
0 1  
1 1.4 
1 1.4 
1 1  
1 1  
0 1  
0 1  
0 1  
0 1  
0 1  
1 1  
1 1.4 
1 1.4 
2.54 
2.95 
2.49 
2.33 
1.32 
3.43 
2.80 
0.97 
1.54 
1.13 
1.64 
0 
1.37 
0 
0.81 
2.98 
3.03 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1.36 0 
0.38 0 
0 0 
0 0 
0 1.67 
0 0 
0 1.5 
1.36 0 
0 0 
0 0 
5.0 
8.2 
4.6 
3.2 
6.7 
7.7 
3.3 
8.7 
6.4 
3.0 
12.0 
11.0 
7.6 
8.8 
7.5 
4.65 
5.0 
680 
415 
740 
1,060 
5 10 
440 
1,030 
-- 
-- 
1,130 
280 
310 
450 
390 
-- 
7 30 
680 
340 370 
210 390 
370 360 
530 350 
255 160 
220 325 
5 15 300 
200 400 
270 380 
565 150 
14 0 180 
155 2 07 
220 165 
190 190 
230 390 
370 305 
340 310 
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Prepara t ion  of polysi loxane intermediates .  - P a r t i a l  hydro lys is  
of a d i func t iona l  organos i l icon  monomer g ives  a mixture  of l i n e a r  
s i l oxanes  of var ious  molecular weights,  having r e a c t i v e  endgroups. A 
prepara t ion  of t h i s  type is the  r eac t ion  of dimethyldlethoxysi lane (DMES) 
with water: 
3 Fletcher and Hunter 
by t h i s  method, using NaOH as a c a t a l y s t .  Their  procedure was repeated 
seve ra l  times, but  y i e l d s  were low. Two f a c t o r s  were i d e n t i f i e d  which 
contr ibuted t o  t h e  low y ie lds .  One was the  u s e  of a b a s i c  c a t a l y s t  i n  t he  
hydro lys is ,  as recommended by Fle tcher  and Hunter. 
t o  g ive  mostly a mixture of high polymer and unreacted monomer, whereas an 
a c i d i c  c a t a l y s t  gave a b e t t e r  y i e l d  of t h e  des i red  intermediate  products.  
The second f a c t o r  was t h e  ex is tence  of an azeotrope (bp 77OC), cons i s t ing  
of 83% ethanol  and 17% dimethyldiethoxysilane.  When e thanol  was d i s t i l l e d  
from the r eac t ion  mixture,  a s u b s t a n t i a l  amount of unreacted monomer 
co -d i s t i l l ed  and was inadver ten t ly  discarded.  
c a t a l y s t ,  with a H O/DMES mole r a t i o  of 0.75, very  l i t t l e  unreacted monomer 
was l e f t .  
3-11 s i l i c o n  atoms pe r  molecule was 77%. 
have repor ted  t h e  prepara t ion  of a series of s i l oxanes  
This  procedure was found 
When H C 1  was used as a 
2 
The y i e l d  of ethoxy terminated d i s t i l l e d  o l igoners  conta in ing  
A p o t e n t i a l l y  less expensive approach to the  prepara t ion  of a 
similar product i s  the reac t ion  of dimethyldichlorosi lane (DMCS) with 
9 
ethanol  and water. 
were obtained by adding an excess of anhydrous e thanol  t o  s t i r r e d  DMES, 
bo i l ing  o f f  as much HC1 as poss ib le  (about 60% of t o t a l ) ,  adding t r i e t h y l -  
amine to n e u t r a l i z e  t h e  remaining HC1, and f i n a l l y  adding H20 (H20/DMCS 
mole r a t i o  of 0.28). 
s i l i c o n  atoms per molecule was 55%.  
Several  runs of t h i s  type were made. Best r e s u l t s  
The y i e l d  of d i s t i l l e d  oligomers containing 2-12 
Products from seve ra l  runs  of both types  were combined and 
d i s t i l l e d  t o  g ive  the  f r a c t i o n s  shown i n  Table 2. 
chain length  were made from r e f r a c t i v e  index, dens i ty ,  elemental  a n a l y s i s ,  
and NMR. 
i n t e rpo la t ion  from the  d a t a  of Fle tcher  and Hunter . The var ious  estimates 
agreed reasonably well, and the  average va lues  were used f o r  s to i ch iomet r i c  
ca lcu la t ions .  
Est imat ions of average 
The r e f r a c t i v e  index and dens i ty  estimates were obtained by 
3 
A similar series of s i l oxanes  was prepared by par t ia l  hydro lys is  
of methylphenyldimethoxysilane (MPMS), using a modi f ica t ion  of t he  method of 
Fletcher  and Hunter. 
were not  d i s t i l l e d ,  and average chain lengths  were ca l cu la t ed  from t he  
r a t i o  of water t o  monomer. Table 3 shows t h e  in te rmedia tes  made i n  t h i s  way. 
Because of t h e i r  high bo i l ing  po in t s ,  the  products  
Ethoxy terminated d imet ty ls i loxane  oligomers of in te rmedia te  
molecular weight have been reported t o  be more r e a d i l y  obta inable  than the  
corresponding chlorosi loxanes.  However, p a r t i a l  hydro lys is  of chloro- 
s i l a n e s  i n  a one phase system with a mutual so lvent  has been reported by 
Patnode and Wilcock and by Daudt and Hyde t o  g ive  good y i e l d s  of t he  
des i red  products. A modif icat ion of t h e i r  methods was used t o  hydrolyze 
DMCS and rnethylphenyldichlorosilane (MPCS) t o  chloro-terminated s i loxanes ,  
3 
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TABLE 3 - METHOXY-TERMINATED METHYL PHENYL SILOXANES 
Run No. 
Siloxane u n i t s ,  calc. 
IYPMs 
g 
moles 
Water 
g 
moles 
F ina l  Product 
g 
Yield, X 
4 O  
dZo 
visc., cs tks ,  2 5 O C  
F61-28-4 F61-28-5 F62-14-1 F61-28-3, F62-15-1 
3 8 20 5 
227.9 227.9 227.9 227.9 
1.25 1.25 1.25 1.25 
15.01 19.71 21.39 18.1 
0.833 1.094 1.188 1.00 
169.9 141.1 136.2 -- 
90 86 79 
1.5242 1.5354 1.5443 1.5335 
1.0837 1.1014 1.1178 -- 
18.2 106 490 
-- 
-- 
12 
which have been found to  react more r e a d i l y  with alcohols then do t h e  
cortespondiw alkoxy d e r i v a t i v e s .  Tetrahydrofuran (THF) wa8 used LJ  a 
mutual so lvent  i n  the prepara t ion  of s i loxane  in te rmedia tes  which were 
d i s t i l l e d  to give  the  fractions shown in Table 4. 
wee 0.5 fsr DMCS And 0.6: for MPCS. 
The H20/monaaer ratio 
TABLE 4 - CHLORO-TERMINATED SILOUiiES 
Fract ion No. 
F61-137-1 
F61-162-1 
F6 1- 14 2- 2 
F6 1- 14 2-3 
F61-142-4 
F6l-144-1 
F6 1- 144-2 
F61-142-6 
F6 1- 14 2- 7 
D98-83-9 
b 
b 
Monomer 
MPCS 
DMCS 
DMCS 
DMCS 
DMCS 
DMCS 
DMCS 
MPCS 
MPCS 
-_ 
C 
&2[-F!- 
>230/740 
110-136/740 
136-180/740 
180-202/740 
119-196/144 
-- 
-- 
125-200/1.?5 
200-250/1.25 
-- 
% c1 
12.89 
31.72 
29.22 
21.50 
17.45 
27.9 
22.0 
14.0 
- 
7.94 
-- 
S i l o x m e  t1n i tx  YIeld,  X 
3.7 LOO 
_I_-- 
2.25 
2.50 
3.70 25 .2  71.6X 
-_ -I. 
a Calculated from C 1  analysis. 
b 
c Prcpated from octamcthylryc lotc!-rnsilox:inc- :md DMCS. 
FQ1-144-1 and F61-144-2 were obtained by combining appropr i a t v  
7 fractions from two runs and r c d f s c i t l i n g .  
1 3  
hydro lys i s  of mixtures containing the  monomers t r ime thy lch lo ros i l ane  (THCS) , 
dimethylphenylchlorosilane (DMPS), and v i n y l t r i c h i o r o s i l a n e  (VCS), i n  
addi t ior .  t o  MPCS. 
because of t he  d i f f e r e n c e  i n  r e a c t i v i t y  between the  two s i l a n e s .  When 
t h e  amount of water was i n s u f f i c i e n t  to hvdrolyze a l l  of t h e  c h l o r i n e  atoms, 
most of i t  reacted with MPCS o r  VCS, and ve ry  l i t t l e  r e a c t i o n  of TMCS 
occurred. 
low y i e l d  of product d e f i c i e n t  i n  C1 .  
temperatures and reactant r a t i o s ,  and, i n  some cases, s u b s t i t u t i n g  DMPS 
for TMCS. The general  procedure was similar t o  t h a t  previously used. The 
s i l a n e  mixture w a s  dissolved i n  THF o r  e t h y l  e t h e r  and s t i r r e d  while  a 
s o l u t i o n  of water i n  THF ot dioxan w a s  added slowlv. Af t e r  about an hour, 
so lven t  was d i s t i l l e d  of f  and the  r e s i d u a l  s i l oxane  was heated t o  about 
150OC. 
ca lcu la t ed  f u n c t i o n a l i t y  of t h e  s i l oxanes  is given as  R/Si, which is t h e  
r a t i o  of t o t a l  non-hydrolyzable s u b s t i t u e n t s  t o  to ta l  S i  atoms in t h e  
monomer mixture. 
improvement i n  y i e l d  and C 1  content .  
had l i t t l e  e f f e c t .  
The reactions including TMCS were not very s u c c e s s f u l  
The unreacted TMCS d i s t i l l e d  o f f  w i th  t h e  so lven t ,  leaving a 
Runs with VCS were made a t  various 
Table 5 summarizes the  runs made and products  obtained. The 
The use of DMPS i n  place of TMCS gave a cons ide rab le  
Lowering tho  reaction temperattire 
Anot’wr poss ib l e  rou tc  t o  the prepJr;iCion of endblocked mono- 
func t iona l  s i loxanes is the r e a c t i o n  of a c h l o r o s i l a n e  wi th  an alkoxysi lane 
t o  g i v e  e t h y l  ch lo r ide  and a s i loxane.  
which i n d i c a t e  t h a t  t h e  r eac t ion  occurs ,  hit t h a t  s i d e  r e a c t i o n s  present  a 
problem. I n  the  r eac t ion  of tr imetliylett ioxysilane (TMES) with MPCS in t h e  
presence of  FeCl both cthy1 c h l o r i d e  and ‘PEICS wen’ found i n  the low 
Several  experiments were done, 
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boiling fraction, and the residual product was an oil of high molecular 
weight and low C1 content. 
chloro and ethoxy groups as well as the desired elimination of ethyl 
chloride. As a result of the interchange, ethoxychlorosilanes are produced, 
which can then eliminate ethyl chloride to give polymers, as follows: 
Apparently FeC13 catalyzes an interchange of 
+MeSiC12 + Me3Si(OEt) 4 EtCl + Me3Si-O-Si+MeC1 (3) 
4 @MeSi(OEt)Cl + Me3SiC1 
(4) 
( 5 )  
( 6 )  
JI 
l/n [+MeSiOln + EtCl 
Me3Si (OEt) + Me3SiC1 4 (Me3Sil20 + EtCl 
Me3Si-O-Si$MeC1 + n @MeSI(OEt)Cl -3 Me3Si[@Sit$Me]n+1C1 
+ n EtCl . 
Somewhat better results were obtained in the reaction of equimolar 
quantities of DMFS and MPMS. The yield of 1,1,3-trimethyl-1,3-diphenyl-3- 
methoxydisiloxane (F62-47-2), bp 49-5O0C/O.2-0.3 nun, vas 17%. 
Preparation and properties of silicone-modified polyesters. - 
A large number of silicone modiIied polyesters was prepared and evaluated. 
Preparations and characteristics of the various types are summarized in the 
following paragraphs. 
Table 6 lists the compositions of the silicone-modified polyesters 
prepared, together with information on homogeneity, Si content, and hardness. 
Reactant ratios are given in terms of the ratio of hydroxy groups in the 
polyester to reactive groups (Cl, OR, or NH) attached to Si, and also the 
ratio of ST double bonds to the FU double bonds present i n  the polyester. 
Si content is given as % residue to be expected if a l l  Si is converted to 
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TABLE 6 - SILICONE MODIFIED POLYESTERS 
I.D. 
No. - 
ES-1 
Es-2 
ES-3 
ES-4 
ES-5 
ES-6 
ES-7 
ES-8 
ES-9 
ES-10 
ES-11 
ES-12 
ES-13 
ES-14 
ES-15 
ES-16 
ES-17 
ES-18 
ES-19 
ES-20 
ES-21 
ES-22 
ES-23 
ES-24 
ES-25 
ES-26 
ES-27 
ES-28 
ES-29 
ES-30 
ES-3: 
ES-32 
ES-33 
ES-34 
ES-35 
ES-36 
ES-37 
ES-38 
ES-39 
ES-40 
ES-41 
ES-42 
ES-43 
ES-44 
ES-45 
ES-46 
ES-47 
ES-B8 
Batch No. 
.D98-75-4, D98-77-1, 
'D98-91-3, D98-92-3 
D98-77-2 
D98-77 -3 
D98-?7-4 
D98-80-1, D98-80-5 
D98-80-2, D98-80-6 
D98-80-3. D98-81-1 
(D98-81-2, D98-81-3. 
'tD98-92-1. D98-92-4 
D98-81-4, D98-82-4 
D98-81-5 
D98-82-1, D98-82-5 
D38-82-2 
D98-83-1, D98-84-1 
D98-83-2 
'D98-83-3, D98-84-2, F62-13-1, i F62-16-2, D98-92-2. D98-92-5 
D98-83-4, D98-83-8 
D98-83-5 
> D98-84-4 i~6i-146-1, ~98-84-3, 
F61-47-1 
F61-147-2 
F61-153-1 
F61-154-1 
F62-3-1 
F63-3-2 
F62-3-3 
F62-4-1 
F62-6-1 
F62-?-1 
F62-8-1 
F62-10-1 
F62-10-3, F62-16-1 
F62-10-4 
F62-11-2 
F62-13-2, F62-19-1, 
F62-19-2, F62-20-2 
F62-18-2 
F62-25-1 
F62-25-2 
F62-26-1 
F62-31-2 
F62-33-1. F62-33-3 
F62-35-4 
F62-36-2 
F62-38-2 
F62-41-1 
F62-48-3 
F62-49-2 
F62-49-4 
D98-98-6 
I 
Reactants 
Silicon 
Polyester Compound 
F61-94-2 MPCS 
F61-94-1 HPCS 
F61-94-3 HPCS 
F61-96-1 HPCS 
F61-126-1 F61-137-1 
F61-126-1 MPCS 
F61-131-1 F61-137-1 
F61-131-1 MPCS 
F61-126-1 D K S  
F61-126-1 F61-144-2 
F61-126-1 F61-142-6 
F61-126-1 F61-142-4 
F61-126-1 DHCS 
F61-126-1 MPMS 
F61-126-1 F61-28-3 
F61-131-1 F61-28-5 
F61-126-1 F61-28-4 
F61-99-1 MPCS 
F61-99-1 
F61-99-1 
F61-149-1 
F61-149-1 
F61-i51-1 
F61-149-1 
F6 1-1 5 5-1 
F61-151-1 
F61-155-1 
F61-150-1 
F61-150-1 
F61-150-1 
F61-150-1 
F61-150-1 
r6i-150-1 
F61-142-6 
F61-28-3 
Mpcs 
F61-142-6 
MPCS 
MPCS 
MPCS 
F61-28-3 
DMCS 
F61-28-4 
F6l-144-i 
MPMS 
DHES 
MPMS 
MPMS 
F61-138-1 HMnS 
F62-12-1 
F61-138-1 
F61-138-1 
F62-25-3 
F61-131-1 
F61-131-1 
F61-131-1 
F61-131-1 
F61-131-1 
F61-131-1 
F62-34-1 
F62-34-1 
F62-25-3 
F61-126-1 
F62-15-1 
NPCS 
862-24-1 
mcs 
F62-31-1 
F62-32-1 
F62-32-3 
F62-32-2 
F62-37-3 
F62-22-2 
F62-47-2 
DMPS 
F62-47-2 
D98-97-4b 
Reactant 
Ratio 
R*/ 
si-x 
1 
1 
1 
'1 
1 
1 
1 
1 
0.5 
1 
1 
1 
1 
1 
1 
1 
1 
0.5 
1 
1 
0.67 
0.66 
1 
1 
1 
1.11 
1.25 
4.00 
1 
0.65 
1 
0.37 
1 
1 
1 
1.15 
1 
1 
1 
1 
1 
1 
1.36 
4.9 
1.73 
1.23 
3.26 
b 
 ST1 N 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0.87 
0.93 
0.87 
0.87 
1.26 
0.80 
1.04 
1.08 
1.08 
1 
1 
1 
1.08 
1 
1.10 
1.23 
1.33 
1.49 
5.0 
1.2 
1.71 
0 
0 
0.97 
1.38 
1.09 
2.11 
b 
-
x si02, 
Calc . 
8.8 
5.6 
4.9 
3.6 
18.4 
8.6 
10.1 
4.5 
16.7 
21 .o 
20.1 
31.4 
9.5 
8.6 
18.2 
30.0 
29.6 
10.5 
15.4 
14.0 
5.8 
15.0 
11.1 
4.3 
6.2 
15.6 
6.0 
17.3 
18.8 
14.5 
12.1 
17.1 
11.1 
18.8 
21.2 
7.9 
11.3 
7.8 
13.0 
17.6 
12.6 
15.7 
3.0 
3.2 
9.4 
7.9 
8.2 
25.1 
- Homogeneity 
clear 
clear 
cloudy 
cloudy 
clear 
clear 
cloudy 
clear 
cloudy 
heterogeneous 
clear 
heterogeneous 
opaque 
clear 
clear 
heterogeneous 
heterogeneous 
he terogeneousa 
clear 
heterogeneous 
clear 
heterogeneous 
clear 
clear 
clear 
clear 
cloudy 
heterogeneous 
heterogeneous 
opaque 
clear 
heterogeneous 
clear 
clear 
clear 
clear 
heterogeneous 
clear 
clear 
clear 
clear 
cloudy 
heterogeneous 
opaque 
clear 
clear 
clear 
cloudy 
a Formed two equal layers, which were separated and cured. Both gave clear resins, hardness D87. 
b The siloxane used in ES-48 d i d  not have Si-X groups to react with polyester OH. 
methacrylate groups and was used in place of ST at a ratio of 1 methacrylate per FR. 
See Table 7 for composition. 
It contained 
Shore 
Hardness 
D52 
-- -- - 
D50 
d55 
m 2  
d59 
D68 
D45 
D84 
- 
-- 
- 
D7 7 
-- -- 
D87 
D86 
D89 
A59 
D91 
D83 
D8 1 
D8 7 
-- 
-- 
-- 
-- 
D82 
D82 
D40 
D84 
D75-83 
D84 
D8 2 
D88 
088 
D88 
D84 
D70 
D90 
D87 
D83 
D63 
D90 
D88 
-- 
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SiOz and a l l  o the r  elements are burned t o  gaseous products.  
given as Shore durometer readings  made at room temperature on cakes of 
r e s i n  cured f o r  16 h r s  a t  140OC. Further  eva lua t ions  of s e l ec t ed  resins 
by weight l o s s  measurements and laminate  p r o p e r t i e s  are d iscussed  i n  
subsequent s ec t ions .  
Hardness is 
Most of t h e  si l icone-modified po lyes t e r s  were block copolymers 
prepared by hea t ing  a mixture of a d i f u n c t i o n a l  hydroxy-teminated po lyes t e r  
and a d i f u n c t i o n a l  l i n e a r  s i l oxane  (Eq. 1 ) .  The top  temperature vas usrially 
about 200°C,and t h e  r e a c t i o n  w a s  continued u n t i l  t h e  evo lu t ion  of v o l a t i l e s  
stopped and the  ca l cu la t ed  weight w a s  reached. 
were a l s o  used t o  g ive  copolymers conta in ing  one s i l i c o n  atom per  segment. 
Dichloro and dialkoxy silanes 
A second type of si l icone-modified polyes te r  is a g r a f t  copolymer 
prepared by t h e  r e a c t i o n  of an endblocked monofunctional s i l oxane  o r  silane 
with a po lyes t e r  having hydroxy groups along t h e  cha in  as w e l l  as a t  t h e  
ends. 
problems previously noted cause some doubt about t h e  i d e n t i t y  of t h e  
s i loxanes  used. 
(HMDS) were a l s o  used with t h c  same po lyes t e r s  t o  g ive  po lyes t e r s  having 
s i d e  groups conta in ing  a s i n g l e  s i l i c o n  atom. 
Severa l  polymers of t h i s  type were prepared, a l though t h e  s y n t h e t i c  
Monofunctional s i l a n e s  such a s  TMCS and hexamethyldis i lazane 
For laminat ing purposes,  hard, h ighly  c ross l inked  r e s i n s  a r e  
I n  these  po lyes t e r s ,  c ros s l ink ing  w a s  achieved by genera l ly  requi red .  
copolymerization with ST, o r ,  i n  ES-48, with a methacrylate  s i loxane .  The 
s i l icone-modif ied po lyes t e r  was d isso lved  i n  s u f f i c i e n t  ST t o  g ive  t h e  
des i red  r a t i o  of ST t o  FU i n  t he  po lyes t e r .  
added and t h e  r e s i n  w a s  cured for 16 h r s  a t  140OC. 
TBP (1% of r e s i n  weight) was 
I n  a few cases ,  changes 
18 
were made in the nature of the initiator 
were no significant changes in resin properties as a result. 
or the cure schedule, but there 
In general, an increase in linear siloxane content reduces the 
hardness of a polymer. 
was incorporated in some resins through the use of siloxanes derived from 
VCS or 3-methacryloxypropyltrimethoxysilane (MAPS). 
siloxane crosslinking as well as vinyl crosslinking by copolymerization 
with ST and FU. A few resins were also made in which difunctional siloxanes 
or silanes were used with polyesters containing more than two hydroxy 
groups per molecule to give additional crosslinking. 
To counteract this effect, additional functionality 
These monomers introduce 
Two factors limited the silicone content (and hence the amount 
of char formation) attainable in the silicone-modified polyesters. One 
factor was the softening and weakening effect of siloxane linkages, especially 
in linear siloxanes. To some extent it was possible to counteract this 
effect by using siloxanes of higher functionality, as previously noted. 
The second factor was the tendency for polymers high in silicone to separate 
into two phases. In general, it was found that phenylmethyl chlorosilanes 
and chlorosiloxanes reacted readily to give homogeneous products, whereas 
dimethyl ethoxy silanes and siloxanes reacted very sluggishly to give 
heterogeneous materials. 
catalyst only partially effective in accelerating the reaction. None of 
the copolymers derived from a dimethylsiloxane was homogeneous, although 
those derived from dimethyldichlorosilane were merely cloudy and were 
csable. 
products with an isophthalic-fumaric polyester. 
Basic catalysts were not effective and an acidic 
Methylphenylsiloxanes up to about the tetramer gave homogeneous 
Compatibility with 
19 
s t r a i g h t  fumaric polyes te rs  was more l imited.  
terminal groups were sa t i s f ac to ry .  
phase could be cared normally t o  a s o l i d  resin, leaving a l i q u i d  or grease- 
l ike l aye r  of si?<cone-r ich material. 
of polyester  and s i l i c o n e  formed two roughly equal  l i q u i d  l a y e r s  when mixed 
wi th  s tyrene.  When these l a y e r s  were cured, both gave hard,  c l e a r  r e s i n s  
of about t he  same composition. For example, ES-18 (Table 6) formed two 
l i qu id  layers ,  which were separated and cured ind iv idua l ly  t o  g ive  D98-84-3 
(upper layer )  and D98-84-4 (lower layer ) .  Both were hard and clear. Their 
elemental analyses  (Table 7)  do not d i f f e r  g r e a t l y  and are c lose  t o  the  
composition ca lcu la ted  f o r  complete reac t ion  of t he  polyes te r  and s i l i c o n e  
intermediates ,  followed by copolymerization with the  amount of ST used. 
t h i s  p a r t i c u l a r  case an excess of the  chlorosiloxane was used, so some 
unreacted C 1  was l e f t  i n  t h e  polymer. 
i n  some of the  C1-free r s s ins .  Table 7 a l s o  includes analyses  of two 
homogeneous polyes te r  s i l i cones .  Compositions are c lose  t o  the  ca lcu la ted  
values ,  although C and S i  are somewhat low and 0 somewhat high i n  a l l  cases. 
Apparently e l imina t ion  of HC1 i n  t h e  condensation s t e p  was incomplete even 
when an excess of polyester  OH w a s  present .  
Both ch loro  and methoxy 
I n  some cases t h e  polyester-r ich 
In other  cases the  reaction product 
In 
However, t he  phenomenon occurred a l s o  
Silicone-Modified Polymethacrylates 
Unsaturated polysiloxanes derived from 3-methacryloxypropyl- 
triniethoxysilane (MAPS) were evaluated as s u b s t i t u t e s  f o r  s tyrene  i n  
unsaturated polyes te rs  and a s  thermosetting r e s i n s  by themselves. The 
former approach was l a r g e l y  unsuccessful because of poor compat ib i l i ty ,  
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TABLE 7 - ANALYSES OF CURED SILICONE-MODIFIED POLYESTERS 
D98-84-3, found 
D98-84-4, found 
ES-18, calc .  
ES-45, found 
ES-45, calc .  
ES-47, found 
ES-47, calc .  
61.69 5.27 4.25 6.03 21.24 
60.12 5.13 3.43 6.11 24.85 
62.90 5.63 4.92 6.21 20.33 
65.97 5.84 3.52 0.49 23.95 
67.51 5.95 4.39 0 22.15 
67.49 6.05 3.44 0.51 21.90 
69.91 5.75 3.83 0 20.51 
although one such r e s i n  (ES-48) w a s  f a i r l y  homogeneous and is l i s t e d  i n  
the preceding sec t ion .  
homogeneous, thermoset polymers, which are l i s t e d  i n  Table 8. 
The latter approach gave a series of hard, 
Various mixtures of MAPS, MF'MS, and DMES were hydrolyzed with 
very d i l u t e  HC1 and sparged a t  100°C t o  remove most of t he  byproduct 
a lcohols .  The products were co lo r l e s s  l i qu ids ,  samples of which were 
mixed with 1X TBP and cured for 16 h r s  a t  140OC. 
A l l  of t he  compositions gave c l e a r  r e s ins .  Maximum hardness was 
found f o r  polymers highest  i n  methacrylate,  with the  exception of Mas-1, 
which had t h e  highest  methacrylate content but was r e l a t i v e l y  s o f t .  
samples of t he  harder r e s i n s  developed cracks during cure, but  a l l  of 
the r e s i n s  were s t rong and tough. 
Thick 
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Silicone-Modified Epoxies 
Synthetic plan. - The organosilicon monomer 3-glycidoxypropyltri- 
cthoxysilane (GPS) was used as a source of epoxy functionality, and the 
monomer 3-aminopropyltriethoxysilane ( A P S )  was used to provide epoxy 
curing capability. 
by copolymerizing them with monomers of lower functionality in order to 
minimize problems of insolubility and premature gelation. 
siloxane crosslinking possible in the fully cured copolymers is conveniently 
expressed as the R/Si ratio, which is the total number Df non-hydrolyzable 
groups attached to silicon divided by the total number of silicon atoms. 
An R/Si value of 2 corresponds to a linear polymer with no intentional 
endblocking. 
and values lower than 2 give materials which are crosslinked and thermoset 
when fully cured. 
The siloxane functionalities of APS and GPS were reduced 
The degree of 
Values higher than 2 characterize endblocked linear materials, 
The following reactions illustrate the kinds of 
siloxanes prep:red: 
f6H5 
n NH2(CH ) Si(0C H ) + 2nCH3-Si (OCH ) 
2 3  2 5 3  3 2  + 3.5n H20 j (7) 
D98-87-1 
n NH2(CH2) Si(0C 
0 
3Jn 
098-85-4 
3 
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c6H5 No\ I 
n CH2-CH-CH20(CH ) Si(0CH ) + 2n CH3-Si (OCH3)2 + 3.5 n H20 ,-) 2 3  3 3  
0-CH2-CH-CH2 
n 
7n CH30H 
D98-93-1 
These equations are idealized. Under the gentle hydrolysis 
conditions employed, some alkoxy and silanol groups would be present in 
the polymers and act as endblocking groups. On the other hand, in eq. 8 
a portion of the trimethylethoxysilane (TMES) would self-condense to 
hexamethyldisiloxane, which would vo'-atilize, leaving a product with a 
functionality higher than calculated. 
D98-87-1 and D98-85-4 are aliphatic polyamines, which are 
effective epoxy curing agents at room temperature. 
siloxanes were used to cure both epoxy siloxanes, such as D98-93-1 and a 
comercial liquid epoxy, Epon 828 (E8), which consists primarily of the 
diglycidyl ether of 2,2-bis(4-hydroxyphenyl)propane. 
They and related 
D98-87-1 was also converted to an anhydride by reaction with 
pyromellitlc dianhydride (PMDA) : 
24 
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D98-95-4 
D98-95-4 is a polyanhydride, and was found to be an effective high- 
temperature curing agent for E8 and for D98-93-1. 
such as 3,4,3 ,4 -benzophenonetetracarboxylic dianhydride (BTDA), PMDA and 
trimellitic anhydride (TMA) were also used to cure D98-93-1. 
Other aromatic anhydrides, 
r t  
D98-95-4 was also esterified with 2-merhoxyethanol ( M W ,  to give 
0 
I i  
I I  I 0 I 
I i 
I, --.- S i O l . ~ - -  
\ 1 \ 
\ 
\ 
0 
II 
I C-O- ( CHZ) 
C-OH 
IJ 
0 
20CH2 \ 
i 
D98-108-1 
The esterified material was a somewhat less reactive epoxy curing agent 
than D98-95-4. It was used t o  cure both E8 and D98-93-1. 
Amine cured epoxies. - Cohydrolysis of APS and TMES was conducted 
at room temperature by adding the calculated amount of water for complete 
hydrolysis to a mixture of the monomers. The mixture was tirred 
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i n t e m i t t e n t l y  at room temperature, a d  the following changes were 
observed: two co lor less ,  i n a i s c i b l e  l i q u i d s  _1) clear, c o l o r l e s s  so lu t ion  
(possibly a microemulsion) 4 cloudy l iqu id ,  slowly separa t ing  into tu0 
C liquid phases color less ,  homogeneous l iqu id .  Resul t s  are given i n  
A 
B 
Table 9. 
TABLE 9 - COWDROLYSIS OF APS AND TMES 
Batch APS TMES H2° Approx. Time, Mins 
A B C  - - -  R/Si g moles g moles _g moles -No. 
D98-85-1 1.4 11.07 0.0s 1.48 0.0125 2.9 0.16 1 1 15 
D98-85-2 1.6 11.07 0.05 2.54 0.0215 3 .1  0.17 1.5 1 20 
D98-85-3 1.8 11.07' 0.05 3.94 0.0333 3.3 0.18 2 1 25 
D98-85-4 2.0 11.97 0.05 5.92 0.05 3.6 0.2 2.5 1 60 
D98-85-5 2.2 8.86 0.04 7.10 0.06 3.3 0.18 3 1 75 
D98-85-6 2.4 6.64 0.03 8.27 0.07 2.9 0.16 4 1 130 
D98-85-7 2.5 6.64 0.03 10.65 0.09 3.3 0.18 5 1 160 
A port ion of each of the  products from Table 9 w a s  mixed wi th  E8 
at a r a t i o  of two epoxy groups per amino group. None of t he  mixtures w a s  
homogeneous, so 10 m l  of toluene was added t o  each t o  give a cloudy 
suspension. The samples were baked for 65 h r s  a t  6OoC to q ive  clear hard 
r e s ins ,  which were baked fu r the r  for 2 h r s  a t  1 4 O O C  t o  g ive  the  products 
of Table 10. 
Although t h e  o r i g i n a l  mixtures were not compatible a t  room tem- 
perature ,  even with the  addi t ion  of a mutual solvent ,  the  cured r e s i n s  
were c l ea r .  Those having the  highest  R/Si values  were hard on t h e  top, 
but sofi- on the  bottom. Their weights were a l s o  a lower percentage of t he  
calculated value than were those of t he  samples having lower R/Si values .  
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These two e f f e c t s  are probably due to  the production of hexaae thyld is i loxene  
as a byproduct. 
than predicted;  p a r t  was trapped i n  t h e  lower p a r t  of t h e  sample and 
p l a s t i c i z e d  it. 
P a r t  of i t  v o l a t i l i z e d  du r ing  cu re  t o  g i v e  a lover weight 
Compat ib i l i ty  of t h e  campositions w a s  a l s o  inves t iga t ed  i n  t h e  
The mixtures  of Table 10 were made again,  omit t ing absence of solvent .  
the  toluene. 
clear and homogeneous and then gel led.  
about 15 secs f o r  D98-89-1 to  about 3 mins f o r  D98-89-7. 
They were warmed i n  a bath of b o i l i n g  water. A l l  beccrme 
The tiate f o r  g e l a t i o n  va r i ed  from 
A similar hydro lys i s  procedure was used to  prepare  a s i loxane  
The product was a from a mixture of 2 moles of HPMS and 1 mole c f  APS. 
clear, c o l o r l e s s  l i q u i d  (D98-87-l), which w a s  mixed wi th  E8 at a ratio of 
2 epoxy groups per  amino group t o  g ive  a homogeneous l i q u i d  (D98-87-2). 
A small sample of t h i s  product,  heated t o  5OoC, g e l l e d  i n  15-20 mins. 
Another sample, s t o r e d  a t  room temperature, g e l l e d  i n  about 90 mins. A 
t h i r d  sample  was cured os shown i n  Table 11 to  give a r e s i n  (EpS-8) y i e l d i n g  
23.8% Si02 (calc.). 
D98-87-1 was a l s o  used t o  cure  a glycidoxy s i l o x a n e  polymer, 
-repared by cohydrolysis  of 2 moles of rlPMS and 1 mole of GPS. 
uncatalyzed hydrolysis  r e a c t i o n  was less rapid than those involving APS, 
so a t r a c e  of HC1 w a s  used t o  o b t a i n  a s a t i s f a c t o r y  reaction r a t e  a t  about 
75OC. The product was a c o l o r l e s s  l i q u i d  (D98-93-l) , which was mixed w i t h  
D98-87-1 at  an epoxylamine r a t i o  of 2 t o  give a clear, colorless l i q u i d  
(D98-87-4) of low v i s c o s i t y .  
t u r e  w a s  between 4 and 20 hrs .  
The 
G e l  time €or t h i s  m a t e r i a l  at room tempera- 
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TABLE 11 - CURE OF SILICONE EPOXY RESIN EpS-8 
(Batch D98-90-1) 
Cure Schedulea Weight 
Time 
Hrs. 
0 
0.17 
2.0 
3.0 
0-5 
2.5 
18.5 
22.5 
42.5 
8.0 
- 
Temp., 
*C 
25 
50 
50 
50 
100 
100 
100 
100 
100 
150 
.B 
20.00 
-- 
u 
19.14 
17.78 
15.57 
15.26 
15.26 
15.21 
14.97 
x of 
135 
Calc .b 
-_ 
-- 
129 
120 
105 
103 
103 
103 
101 
Appearance 
Colorless  l i q u i d .  
Tacky ge l .  
Firm, f l a v l e s s ,  non-tacky. 
Firm, f lawless ,  non-tacky. 
Firm, many bubbles. 
Hard, many bubbles. 
Hard, many bubbles. 
Hard, many bubbles. 
Hard, many bubbles. 
Clear brown. Cracked. Shore D86. 
a - Times a t  each temperature are totals f o r  that temperature. 
b - Calculated weight assumes complete conversion of ethoxysilanes t o  si loxanes.  
T o t a l  cu re  
is sum of cures  a t  each temperature- 
Two samples of D98-87-4 were placed i n  aluminum d i shes  and cured 
simultaneously under the same conditions.  One sample (D98-90-2) weighed 
20.00 g and had an i n i t i a l  thickness of about 9 mm. The second sample 
(D98-90-3) weighed 10.00 g and had an i n i t i a l  thickness  of about 4.5 mm. 
The cure schedule and r e s u l t s  are sham i n  Table 12. 
TABLE 12 - CURE OF SILICONE EPOXY RESIN EpS-9 
(Batch D98-87-4) 
Cure Schedule, 
R r s / * C  
0.67/60 
2/60 
18/60 
26/60 
26/60 + 16/100 
26/60 + 16/100 
26/60 + 16/3-00 
+ 8/15@ 
+ 24/150 
Sample D98-90-2 
ut . ,  x 
W t . ,  & of Calc. Appearance 
17.06 133 Tacky g e l  
16.65 130 Firm g e l  
13.58 106 Hard, bubbles 
13.52 106 Same 
13.26 104 Same 
and cracks 
12.92 101 Same 
12.80 100 Same, 
Shore D70 
Sample D98-90-3 
W t . ,  x 
Wt., g of Calc. Appearance 
8.06 117 P a r t i a l  g e l  
7.67 111 F i r m  g e l  
6.92 100 Hard, few 
bubbles 
6.81 99 Same 
6.64 96 Same 
6.51 94 Same 
6.41 93 Same, 
Shore D7O 
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The f u l l y  cured r e s i n s  had thicknesses  about 60% of t h e i r  initial 
values. They were clear amber. D98-90-2 had a l a y e r  of small bubbles on 
the  bottom and had seve ra l  l a r g e  cracks. D98-90-3 had only a few bubbles 
and a f e u  small cracks a t  the  edges. Calculated y i e ld  of Si02 is 42.8%. 
Elemental analyses  of cured r e s i n s  (Table 13) confirm the  expected 
l o s s  of Si frorn s i loxanes  prepared from mixtures high i n  THES. Those der ived 
l a rge ly  from other  monomers gave analyses  c lose  t o  the  ca lcu la ted  values .  
The analyses  of D98-90-2 a d  D98-90-3 suggest that D98-90-3, which was the 
thinner  of these  two samples of t h e  same material, underwent some oxida t ion  
of a l k y l  groups during cure.  
TABLE 13 - ANALYSES OF EPOXY SILICONES 
Sample 
D98-89-1, found 
Calc . 
D98-89-4, found 
Calc. 
D98-89-7, found 
Calc . 
D98-90-1, found 
Calc . 
Analysis,  % 
C R N 0 si - - - - -  
61.70 7.53 2.75 17.66 7.76 
63.77 7.32 2.80 19.09 7.01 
64.90 7.21 1.90 16.96 8.41 
61.67 7.74 2.50 18.09 10.01 
64.88 7.04 2.35 16.70 8.02 
57.79 8.51 1.94 16.24 15.52 
63.51 6.66 1.86 15.72 10.80 
63.63 6.71 1.85 16.70 11.11 
D98-90-2, f omd 55.13 6.40 1.12 17.39 19.50 
D98-90-3, found 53.98 6.14 1.21 20.02 18.44 
Calc. f o r  D98-90-2 54.25 6.23 1.11 18.38 20.03 
o r  D98-90-3 
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Anhydride cured epoxies. - Table 14 lists t h e  anhydride cured 
s i l i c o n e  modified epoxy r e s i n s  t h a t  were prepared. 
w a s  prepared by warming a mixture of PMDA and D98-93-1, t h e  PNDA disso lved  
a t  about 12OOC t o  g ive  a c l e a r  so lu t ion .  
i n  v i s c o s i t y  and became a s o f t  gum, l a r g e l y  so lub le  i n  THF. 
so lu t ion  of t he  s t a r t i n g  materials i n  THF w a s  then re f luxed  f o r  9 h r s  with 
l i t t l e  change i n  v i scos i ty .  
cloudy a t  732 s o l i d s ,  and a p r e c i p i t a t e  formed on cool ing.  
t he re  w a s  l i t t l e  r eac t ion  with PMDA under these  condi t ions.  Other s o l v e n t s  
evaluated f o r  u s e  with EpS-11 were dimethylformamide (DMF), 1,2-dimethoxy- 
e thane (DME), and 2-ethoxyethyl acetate (EEA). Clear s o l u t i o n s  a t  room 
temperature were obtained only with DMF, which is d i f f i c u l t  t o  remove 
without b l i s t e r i n g  during cure.  Better r e s u l t s  were obtained by e s t e r i f y i n g  
the  PMDA with MOE and using a d d i t i o n a l  MOE as a so lvent .  
so lu t ion  w a s  obtained (EpS-llE),which cured more slowly than EpS-11 and 
had less tendency to cause b l i s t e r i n g  of laminates  then non-es te r i f ied  
so lu t ions  containing DMF. 
When EpS-10 or EpS-11 
The s o l u t i o n  r ap id ly  increased 
A 20% 
When the  s o l u t i o n  was boi led down i t  became 
Apparently 
A clear, s t a b l e  
Resul t s  with BTDA cure  of D98-93-1 were similar. When heated 
without so lvent ,  the  mixture ge l l ed  before  the BTDA d isso lved  completely. 
The u s e  of so lven t s  gave resul ts  similar t o  those obtained with PMDA. 
t h e  r e a c t i v e  solvent  MOE being the  most s a t i s f a c t o r y  (EpS-12E). TMA w a s  
inves t iga ted  cn ly  b r i e f l y  a s  a curing agent.  
i t  gave about the  same behavior as PMDA. Solvents  were not s tud ied .  
D98-95-4 was prepared by slow add i t ion  cf  f r e s h l y  prepared 
When heated with D98-93-1, 
D98-87-1 t o  a rap id ly  s t i r r e d  so lu t ion  of PMDA i n  w a r m  THF. A clear, 
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c o l o r l e s s  so lu t ion  was obtained,  which was s t a b l e  a t  room temperature.  
However, i f  t he  D98-87-1 w a s  allowed t o  s tand  f o r  a day a f t e r  its prepara- 
t i o n ,  i t  gave a p r e c i p i t a t e  wi th  t h e  PMDA so lu t ion ,  and a clear so lu t ion  
could not  be obtained. Blends of D98-95-4 with E8  (EpIS-1) o r  with 
D98-93-1 (EpIS-2) were c l e a r  and could be boi led  down t o  about 75% s o l i d s  
i n  THF without ge l a t ion .  
cosolvents .  
with reduced b l i s t e r i n g  (EpIS-1E and EpIS-2E). 
DMF and EEA were a l s o  used success fu l ly  as 
The use  of MOE as an e s t e r i f y i n g  so lvent  gave good r e s u l t s ,  
Silicone-Modified Polyimides 
Three types of silicone-modif ied polyimides were inves t iga ted .  
One t y p e  a l s o  incorporated epoxy groups and w a s  discussed i n  t h e  preceding 
sec t ion  (EpIS-1 to  EpIS-2E). A second type w a s  prepared by the  r eac t ion  
of a dianhydride with a diamino s i loxane .  
the PMR method from a polyaminopolysiloxane and esters of BTDA and 
5-norbornene-2,3-dicarboxyl i c  anhydride (NBA) . 
The t h i r d  type w a s  prepared by 
A polymer of the second type w a s  prepared by t h e  following 
r eac t ion  sequence: 
it I I  
Si(CH3) -O-Si(CH3) I + PMDA {N ‘C /‘mc>m C 
2 
I I  - \ a  0 
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Nitration of 1,3-diphenyltetramethyldisiloxane was attempted with fuming 
KN03 in acetic anhydride and CH2C12’, with Cu(N03) in acetic anhydride , 
and with Cu(No ) None of 
the methods gave a pure product, but the crude nitro compounds were hydro- 
genated with Pd-on-C t o  give a mixture of amines. 
10 
2 
in acetic anhydride and tetramethylene sulfone. 
3 2  
Attempts to purify the 
diamine were unsuccessful, but a polymer was prepared from PMDA and the 
crude material. 
low molecular weight. 
The polymer gave a brittle film and appeared to be of 
This approach was discontinued in favor of the PMR 
method, which was more successful and gave polymers of higher Si content. 
Five silicone-modified polyimides were prepared by an adaptation 
, using an aminopropyl siloxane and 11 of the PMR method of Serafini, et al. 
ethyl esters of BTDA and NBA. 
of BTDA was prepared by refluxing BTDA and ethanol for 2 hrs. 
A 0.4 molar solution of the diethyl ester 
An 0.8 molar 
solution of the monoethyl ester of NBA was prepared in the same way except 
that a 40/60 THF/ethanol mixture was used to keep the ester in solution. 
The aminopropyl siloxane (batch D98-105-2) was prepared by the hydrolysis 
of 2 moles of MPMS and 1 mole of APS and was ider lcal to D98-87-1 (eq. 7 ) .  
Mixtures of D98-105-2 with the two ester solutions were made to give the 
compositions shown in Table 15. The solutions were boiled dGwn at 100°C 
to viscous liquids, which were cured f o r  6 hrs at 110°C and 18 hrs at 200OC 
to give hard tough resins. All of the samples contained large bubbles, 
which made it difficult to measure hardness, but a l l  of the values were 
in the range of 80-85 Shore D. The high yields indicate that there was 
not an excessive loss of cyclopentadiene in the cure, although the 
samples were baked in open dishes. 
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TABLE 15 - SILICONE-MODIFIED PMR POLYIMIDES 
FROM APS-MPMS2 COPOLYMER 
a Shore 
Mole Ratio, % 
Hardness n % - si02 - I.D. BTDA/NBA/NH~ No. Batch No. - 
IS-1 D98-107-1 11214 98 34.2 D80-85 1.0 
IS-2 D98-107-2 1.1/2/4.2 98 34.2 1380-85 1.1 
IS-3 D98-107-3 1.31214.6 99 34.2 D80-85 1.3 
IS-4 D98-107-4 1.6/2/5.2 99 34.2 D80-85 1.6 
IS-5 D98-107-5 2/2/6 9gb 34.2 080-85 2.0 
a 
b Includes some mechanical loss. 
Composition expressed as n moles BTDA + (2n + 2) equiv. NH2 + 2 moles NBA. 
Silicone-Modified Phenolic Resins 
A silicone-modified phenolic intermediate was prepared by a 
7 modification of the method of Kambour, et al. , using the reaction: 
CH3 CH3 
I I m3 
__j Si0 -I- si-c1 
CH3 PH3 4.32 1 CH3 
CH3 CH3 
D98-100-3 
A second intermediate, made similarly from a methylphenyl dichlorosiloxane, 
had the approximate structure: 
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D98-100-6 
The siloxane intermediate (D98-83-9) used in the preparation of D98-100-3 
was made by the reaction of DMCS with octamethylcyclotetrasiloxane, and 
the intermediate (D98-100-4) for D98-100-6 was made by partial hydrolysis 
of MPCS. Both methods are discussed in an earlier section. 
Attempts to prepare a resole from 098-100-6 and paraformaldehyde 
under relatively anhydrous conditions, using benzyltrimethylammonium 
hydroxide as catalyst, were unsuccessful. 
solvents, with reaction temperatures up to 130OC. 
temperatures up to 175OC both with and without acidic catalysts to give, 
in most cases, two liquid layers. 
THF and DMF were used as 
Products were baked at 
D98-100-3 and D98-100-6 were cured successfully with hexamethylene- 
tetramine (HXA). 
siloxanes were baked at 15OOC and 2OOOC to give the products of Table 16. 
Various mixtures of powdered HXA and the two phenolic 
TABLE 16 - SILICONE-MODIFIED PHENOLIC RESINS 
I.D. Phenolic HXA, % Si02 Shore Hardness 
No. Batch No. Siloxane - Wt. % -- Calc. L hr/15O0C 7 Hrs/200°C 
-- D98-103-2 D98-100-3 4 47.5 A55 D40 
PS-1 D98-103-3 D98-i00-3 8 46.4 A73 D69 -- D98-103-4 D98-100-3 12 45.6 A7 5 D73 
D98-103-5 D98-100-6 4 23.3 D59 Di 5 
PS-2 D98-103-6 D98-100-6 8 22.9 D7 8 D80 -- D98-103-7 D98-100-6 12 22.5 D7 9 a 
a Bubbles prevented measurement. 
All of the fully cured resins were hard, black, and full of bubbles. 
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Weight Loss Determinations 
- TGA. - Thermogravimetric ana lyses  (TGA) of nea t  specimens 
of s e l ec t ed  r e s i n s  were made, u s ing  a Perkin-Elmer TGS-2 Thetmogravimetric 
System. 
and 80°C/min i n  air  and i n  N2 a t  a flow rate of 100 cc/min. 
of condi t ions  w a s  employed t o  s imula te  as w e l l  as poss ib l e  t h e  range of 
heat ing r a t e s  and oxidizing-reducing atmospheres encountered i n  a f k e .  
All of t h e  p o l y e s t e r s  
Samples of about 5 mg were heated t o  l , O O O ° C  a t  rates of S°C/mZn 
This  wide range 
The TGA r e s u l t s  are summarized i n  Table 17. 
gave r e s idue  weights w e l l  below t h e  weight ca l cu la t ed  f o r  Si02,  whereas 
most of the other  polymers had average r e s idues  h igher  than t h e  ca l cu la t ed  
value.  The low va lues  presumably occurred because of loss of S i  i n  t h e  
form of v o l a t i l e  c y c l i c  s i l oxanes  o r  g lyco l  s i l i c a t e s .  Somewhat higher  
average r e s u l t s  might have been obtained i f  more po lyes t e r s  had been run 
i n  N2, but  work OF t h e  o ther  systems was considered more valuable .  Char 
y i e l d s  higher than t h e  ca l cu la t ed  S i 0  values i n d i c a t e  r e t e n t i o n  of carbon, 2 
presumably as h ighly  condensed aromatic  s t r u c t u r e s  and poss ib ly  some S i c .  
The h ighes t  char /Si02 r a t i o s  occurred i n  N2 and with polymers high i n  
aromatic groups. 
Isothermal  weight l o s s .  - Weight l o s s  measurements of nea t  
samples of e igh t  si l icone-modified r e s i n s  were made i n  forced d r a f t  ovens 
a t  t h ree  temperatures.  
2-3 mm th i ck ,  weighing approximately 0 .5  g each. 
r e s i n  were run. The results are summarized In  Table 18. 
The samples cons is ted  of broken p i eces  of r e s i n ,  
Two samples of each 
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TABLE 17 - THERMQGRAVIMETRIC ANALYSES OF SILICONE-MODIFIED POLYMERS 
1 . D .  
No. 
ES-1 
ES-2 
ES-3 
ES-4 
ES-7 
ES-8 
ES-11 
ES-15 
ES-48 
Mas-5 
EpS-1 
FpS-4 
eps-7 
EpS-8 
EpS-9 
EpS-10 
EpS-11E 
EpS-12E 
EpS-13 
EpIS-1 
EpIS-2 
EpIS-1E 
EpIS-2E 
IS-1 
IS-5 
PS-1 
PS-2 
Calc. 
sio2, x 
8.8 
5.6 
4.9 
2.6 
10.1 
4.5 
19.5 
19.7 
25.1 
42.9 
13.. 1 
15.4 
22.7 
23.7 
42.8 
35.7 
33.9 
31.2 
33.2 
22.5 
35.7 
22.5 
35.7 
34.2 
34.2 
46.4 
22.9 
Residual Char at l,OOO"C, X .. 
Air 
5'C/mIn 80"C/min 
2.8a 
1.6a 
1.3' 
0.8' 
-- 
2.0 
5.4' 
6.5 
20.0 
33.0 
17.6 
17.1 
10.0 
23.0 
37.8 
33.5 
31.4 
27.2 
28.9 
20.1 
32.3 
18.4 
31.5 
32.1 
32.4 
35.9 
22.6 
5.0 
l.la 
Oa 
Oa 
0.4a 
0.9 
4.8 
4.9 
15.4 
31.3 
12.2 
27.8 
18.0 
35.9 
41.0 
36.0 
29.2 
23.8 
25.5 
38.2 
44.1 
19.2 
21.0 
31.4 
30.6 
28.5 
21.0 
N2 
S°C/min 80°C/min 
2.1 
-- 
-- 
-- 
-- 
2.1 
-- 
-- 
26.6 
33.5 
-- 
30.1 
-- 
40.2 
42.1 
43.3 
36.9 
37.3 
-- 
45.0 
49.6 
40.7 
63.1 
56.4 
57.0 
48.9 
63.1 
1.9 
-- 
-- 
-- 
-- 
6.7 
-- 
-- 
22.7 
30.3 
-- 
26.9 
-- 
41.4 
40.6 
35.7 
32.9 
33.7 
-- 
43.5 
48.4 
40.3 
57.6 
48.9 
51.6 
44.6 
57.6 
Ratio, 
Av. Char/ 
Calr. Si02 
0.34 
0.24  
0.13 
0.17 
0 
0.65 
0.26 
0.29 
0.84 
0.75 
1.34 
1.65 
0.62 
- 
1.45 
0.94 
1.04 
0.96 
0.98 
0.82 
1.63 
1.22 
1.32 
1.21 
1.23 
1.25 
0.85 
1.79 
a - Maximum temperature 800-900OC. 
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I n  determinat ions of t h i s  sort  t h e  i n i t i a l  p a r t  of t h e  weight 
loss may include loss of so lvent ,  moisture ,  o r  products  of condensation, 
which are not  related to  t h e  thermal s t a b i l i t y  of t h e  r e s i n  i t s e l f .  For 
t h i s  reason t h e  rate of weight loss i n  t h e  ldtter p a r t  of t h e  de te rmina t ion  
may be more i c d i c a t i v e  of thermal s t a b i l i t y  than t h e  t o t a l  weight l o s s .  
Average rates of loss dur ing  t h e  f i n a l  po r t ion  of t h e  aging per iod are 
a l s o  included i n  Table  18. 
The fol lowing four  r e s i n s  w e r e  s u p e r i c r  t o  t h e  o t h e r  four i n  
weight r e t e n t i o n  a t  a l l  t h r e e  temperatures and i n  f i n a l  s lope  a t  175 and 
20OoC: EpIS-1, EpIS-2, Mas-5, and EpS-12. 
GRAPHITE FIBER LAMINATES 
As a prel iminary,  small-scale  eva lua t ion ,  several of t he  r e s i n s  
were used to impregnate Hexcel s t y l e  3T716 g raph i t e  f a b r i c .  
f a b r i c ,  un id i r ec t iona l  g raph i t e  f i b e r s  are held toge ther  by g l a s s  f i b e r s  
running perpendicular ly  ac ross  the  g raph i t e  f i b e r s .  
shee t s  were l a i d  on a shee t  of Mylar, a small po r t ion  of r e s i n  so lu t ion  
was added t o  t he  shee t ,  another  shee t  of Mylar w a s  placed on top,  and t h e  
r e s i n  was worked around with a doc tor  blade. The s h e e t s  were B-staged a t  
t h e  condi t ions  given i n  Table 19. The samples were then c u t  i n t o  4" x 4" 
shee t s  and laminated. The laminat ing layup included 4 s h e e t s  of 8-staged 
f a b r i c  placed between 2 s h e e t s  of heavy aluminum f o i l  which had been sprayed 
with M/S 122 release agent ,  and t h i s  package placed between 2 s tee l  p l a t e s .  
Laainating condi t ions  are a l s o  given i n  Table 19.  
I n  t h i s  
Approximately 5" x 5" 
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The 4" x 4" laminates  were c u t  i n t o  test specimens 1" k 2". 
Thicknesses var ied  from 0.023'' t o  0.034". 
were determined, us ing  a span length  of 1" and a test speed of O.O:"/min. 
Each of t h e  va lues  i n  Table 19 Is t h e  average of two determinat ions.  
F lexura l  s t r e n g t h  and modulus 
Laminates were fab r i ca t ed  on a l a r g e r  s c a l e  from prepreg prepared 
by f i lament  winding. A McClean-Anderson Model W-1  f i l ament  winding machine 
was set  up with a mandrel having a length  of 30" and a diameter  of 13". 
The mandrel was covered with Daubert Release Paper 2-65-KG-1. 
were set up f o r  c i r cumfe ren t i a l  winding with an  i n i t i a l  band width of 
0.15". 
moved 0.15" for each r evo lu t ion  of t h e  mandrel. 
a s l i g h t  overlappiiig of t h e  f i b e r  so as t o  ob ta in  a continuous shee t  of 
impregnated f i b e r .  
The g e a r s  
This  means that t h e  head d i r e c t i n g  t h e  f i b e r  onto t h e  mandrel is 
T h i s  s e t t i n g  provides  f o r  
The ro l l  of f i b e r  (Hercules AS-4) w a s  placed on i? device t h a t  
allowed i t  t o  u n r o l l  with a small mount  of tension.  The f i b e r  s t r and  
was  threaded through the  r e s i n  pan, under a 6" d i a .  roller, out  through an 
ad jus t ab le  wiper, across a small r o l l e r ,  and then through 3 guide onto  t h e  
revolving mandrel. The r e s i n  pan, wiper, rollers,  etc. ,  a r e  a l l  one u n i t ,  
which moves i n  a d i r e c t i o n  p a r a l l e l  t o  t he  axis oP t h e  rusndrel. 
of r e s i n  bui ld  can be var ied  by a d j t s t i n g  t h e  wiper,  but in most cases  i t  
was necessary t o  a d j u s t  t he  v i s c o s i t y  snd concent ra t ion  of t h e  r e s i n  
s o l u t i o n  by t h e  add i t ion  of so lvent  i n  order  t o  ob ta in  the  d e s i r e d  resin 
content  in  the  prepreg. 
were THF, DMF, and 2-ethoxyethyl a c e t a t e  (EEA). 
The amount 
Solvents  which were found s u i t a b l e  for the  purpose 
4 2  
After  t h e  mandrel w a s  covered wi th  imyregcated f i b e r ,  r e s i s t a n c e  
h e a t e r s  were moved up next  t o  t h e  revolving mandrel. The temperature of  
t h e  coated f i b e r  w a s  ad jus ted  by p lac ing  t h e  h e a t e r s  a t  va r ious  distances 
from t h e  mandrel, and was est imated by plac ing  a thermometer d o s e  t o  t h e  
mandrel. Times and temperatures f o r  t h i s  s t e p  given i n  Table 20 r e f e r  to 
t o t a l  hea t ing  time and maximum temperature observed. I n  gene ra l ,  t h e  
opera t ion  began a t  room temperature. 
by moving the  h e a t e r s  progress ive ly  c l o s e r  u n t i l  t h e  temperature reached 
The temperature w a s  r a i s e d  Lradual ly  
the  value given. The thermal condi t ion? i n  t h i s  s t e p  w e r e  no t  w e l l  def ined ,  
and t h e  primary c r i t e r i o n  of s u i t a b l e  precure  was t h e  phys ica l  s ta te  cf 
the  prepreg ( tack ,  f l e x i b i l i t y ,  coherence, etc.) . Wien t n e  prepreg approached 
a tack-free state,  i t  w a s  cu t  from t h e  mandrel and pressed i n t o  f a i r l y  
f l a t  p ieces .  
cu t  pieces .  
I n  some cases a d d i t i o n a l  precure  i n  an  oven w a s  given to t h e  
The s h e e t s  of prepreg were c u t  i n t o  4" x 4" squares ,  s tacked 
with t h e  f i b e r s  p a r a l l e i ,  and placed i n  a steel  mold t o  prevent  t h e  f i b e r s  
from Seing squeezed ou t  a t  t h e  edges when pressed.  
i n  the  press .  Pressure  w a s  appl ied ,  and t h e  temperature r a i s e d  and held 
The assembly was placed 
f o r  a s u i t a b l e  t i m e .  Laminates were removed from the  p r e s s  an< postcured 
i n  an oven. Processing condi t ions  and p r o p e r t i e s  of laminates  are summarized 
i n  Table 20. 
with ASTH D790 and in te r laminar  shea r  s t r e n g t h  i n  accordance with ASTM D2344. 
Flexura l  s t r eng th  and modulus were determined i n  accordance 
Resin content  of prepregs or laminates  was est imated from t h e  formula 
A 
W -0.0223 f 
W 
P 
) x 100, z r e s i n  = ( 
43 
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i n  which U 
t he  prepreg i n  sq. in. ,  and b is t h e  f i lament  winding band width i n  inches.  
The f a c t o r  0.0223 is t h e  weight of t h e  unt rea ted  f i b e r  in g/ in .  
of neat res ins  were determined by ASTM D792-B, and of lamina tes  by ASTM 
D792-A1. 
toge ther  with weights of g raph i t e  and cf r e s in .  
is t h e  weight i n  g of prepreg o r  laminate ,  A is t h e  area of  
P P 
Dens i t i e s  
Fiber volume and void volume were ca l cu la t ed  from these  va lues ,  
Resins EpS-11 and EpIS-1 were chosen f o r  f a b r i c a t i o n  i n t o  
8" x 8" x 0.1" laminates .  
p r o c e s s i b i l i t y ,  and the  da t a  of Table 20. 
prepared by f i lament  winding, as previous ly  descr ibed.  Shee ts  were stacked,  
placed i n  a cold  press ,  heated under p re s su re  as shown i n  Table 21, allowed 
to  cool under pressure,  and removed from the  press .  Two of them w e r e  given 
a d d i t i o n a l  postcure a s  shown i n  Table 2 1 .  
s e n t  t o  NASA-Lewis for f u r t h e r  evaiuat ion:  F62-115-1, F62-117-1, F62-118-1. 
F62-122-2, F62-120-1, F62-122-1, F62-122-3, and F62-123-1. 
The choice w a s  based on TGA, isothermal  aging,  
Prepreg f o r  t hese  laminates was 
The fol lowing laminates  were 
EXPERIMEXl'AL 
The following p repa ra t i cns  are r ep resen ta t ive  of t he  procedures 
used. Runs not l i s t e d  were conducted by similar methods. 
Prepara t ion  of Polyes te r  Intermediates  
F61-126-1. - E G  (466 g, 7 .5  moles) was s t i r r e d  while  415 g (2.5 moles) -  
of I P  was added. 
sparge,  using an a i r  condenser. A c l e a r  yellow melt was ohtaineu.  FU 
(406 g, 3.5 moles) was then added, toge ther  with 2.6 g of a 5% so lu t ion  of 
This  mixture was cooked a t  18OoC f o r  3.5 h r s  with n i t rogen  
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hydroquinone i n  d i b u t y l  ph tha la te .  
18OOC and 3 h r s  a t  2OOOC t o  g ive  a clear yellow r e s i n ,  ac id  no. 11, 2.7% 
hydroxyl. 
150 g of  EG w a s  added i n  po r t ions  whi le  t h e  r e s i n  w a s  cooked f o r  a n  
add i t iona l  12 h r s  a t  20OoC. 
7 . 5 ,  7.8. 
Cooking was continued for 5 h r s  a t  
Since a higher  level of hydroxyl was des i r ed ,  an  a d d i t i o n a l  
A clear amber r e s i n  w a s  obtained,  X hydroxyl: 
F61-151-1. - A  mixture of 116 g (I mole) of FU, 116 g of methyl 
i sobu ty l  ketone, and 3 g of pyr id ine  was heated t o  90°C and s t i r r e d  a t  
t h a t  temperature under r e f l u x  while  154 g (2 .66  moles) of  propylene oxide  
(PO) was added slowly from a dropping funnel  ( 5  hrs ) .  A clear s o l u t i o n  w a s  
obtained. 
n i t rogen  a t  room temperature.  
contained 11.02 OH [ ca l c .  f o r  bis(hydroxypropy1)fumarate: 14.6%]. 
Solvent  and excess  PO were removed by sparg ing  over  n igh t  wi th  
The product weighed 230 g (ca l c .  232 g) and 
Prepara t ion  of Polysi loxane In te rmedia tes  
D98-65-7. - A  s o l u t i o n  of 0.6 g (.015 mole) of NaOH i n  23.67 g 
(1.314 moles) of water was added slowly (10 min),  w i th  r ap id  s t i r r i n g ,  to  
222.4 g (1.5 moles) of DMES. The r eac t ion  w a s  s l i g h t l y  exothermic, reaching 
32°C. A cloudy yellow s o l u t i o n  was produced, which was re f luxed  for 2 h r s  
and then cooled t o  room temperature.  Carbon d ioxide  w a s  bubbled through 
t h e  product for 30 min. It was then d i s t i l l e d  t o  a pot  temperature of 
120OC t o  g ive  136.5 g of c o l o r l e s s  d i s t i l l a t e  and 106.1 g of r e s idue  
(98.4% recovery of m a t e r i a l ) .  
of water. Two l a y e r s  formed. The non-aqueous l a y e r  w a s  separa ted  and 
combined with t h e  d i s t i l l a t i o n  res idue .  This  s o l u t i o n  was d r i e d  over 
The d i s t i l l a t e  was mixed with two volumes 
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Drierite, f i l t e r e d ,  and d i s t i l l e d  through a Vigreux column to  g ive  111.8 g 
of recovered monomer, bp 90-123*C, and 35.43 g of res idue ,  go 1.4035, 4' 1.4017. The % 2o f o r  C2H50[Si(CH3) 01 C2H5 is 1.4012 3 , and 3' f o r  
- 1  2 11 
[Si(CH ) 01, is l.4035'', so t h i s  material is obviously of high molecular 
weight. 
3 2  
The y i e l d  of polymer from unrecovered monomer was about 65%. Toward 
t h e  end of t h e  d i s t i l l a t i o n ,  a small amount of c y c l i c  [(CH ) Si01 co l l ec t ed  
3 2  3 
i n  the  condenser as a c r y s t a l l i n e  s o l i d .  
D98-69-2.-A so lu t ion  of 2.00 g ( .O2 mole) of conc. HC1 i n  25.77 g 
(1.5 moles t o t a l )  of water was added i n  90 min t o  296.6 g (2 moles) of 
r ap id ly  st irred DMES. The r e s u l t i n g  mixture  w a s  ref luxed f o r  30 min and 
then d i s t i l l e d  t o  a pot  temperature of 168OC (vapor temperature 112OC). 
The d i s t i l l a t e  weighed 158.5 g (ca lc . ,  138.2 g e thanol ) .  It  w a s  mixed with 
twice its volume of water. 
which was added t o  t h e  d i s t i l l a t i o n  residue.  The aqueous phase was 
ex t r ac t ed  with hexane, and t h e  extract w a s  a l s o  added t o  t h e  r e s idue ,  which 
was then d r i ed  over D r i e r i t e  and d i s t i l l e d  t o  a poi  
(vapor temperature 15O0C). 
evidence of DMES. 
under vacuum t o  g ive  the  f r a c t i o n s  shown i n  Table 22. 
A small amount of a non-aqueous phase separa ted ,  
temperature of 216OC 
Most of t h i s  forerun  was hexane, with l i t t l e  
The res idue  w a s  d i s t i l l e d  through a Vigreux column 
F61-115-1. - - Absolute e thanol  (690 g, 15 moles) was added i n  
1 h r ,  with r ap id  s t i r r i n g  t o  645.4 g ( 5  moles) of dimethyldichlorosi lane.  
A Dry I c e  r e f l u x  condenser was used, and the  e x i t  gas  was led t o  a water 
t r a p  t o  absorb HC1. 
and then rose  t o  36OC. 
ref luxed f o r  2 hrs .  
During the  addi t ion ,  t he  temperature dropped t o  1 1 ° C  
Heat was appl ied ,  and the  r eac t ion  mixture was 
T i t r a t i o n  of the  conten ts  of the  water t r a p  ind ica ted  
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TABLE 22 - PRODUCTS FROM PARTIAL HYDROLYSIS OF 
DIMETHYLDIETHOXYSILE WITH DILUTE HC1 
Cut No. 
D98-7 0-1 
D98-7 0- 2 
D98-7 0-3 
D98-7 0-4 
D98-7 0-5 
D98-70-6 
D98-70-7 
D98-70-8 
D98-70-9 
D98-71-1 
Boiling Range, 
"C/m Hp; 
38/0.5 - 4510.15 
45/0.4 - 62/0.10 
58/0.2 - 101/0.2 
101/0.2 - 102.5/0.2 
103/0.2 - 115.5/0.2 
116/0.2 - 130/0.2 
130/0.2 - 131/0.2 
145/0.2 - 177.5/0.2 
180/0.2 
Residue 
Wt., 
L 
20.4 
25.2 
39.1 
4.7 
4.6 
12.3 
4.5 
22.2 
3.2 
14.0 
20 
D 
1.3923 
1.3940 
1.3967 
1.3981 
1.3988 
1.3990 
1.3997 
1.4005 
1.4013 
1.4024 
n 
- n, Average No. 
of Siloxane 
Unit s/Molecule 
3 
3.6 
5.0 
6.0 
6.9 
7.1 
8.1 
9.4 
11 
ca. 14 
Yield, X 
10.4 
13.3 
22.0 
2.7 
2.7 
7.3 
2.7 
13.6 
2.0 
8.8 -- 
85.5 total 
that 6.0 moles of HC1 had been collected. 
temperature and stirred while 505 g (5 moles) of triethylamine was added 
over a 1 hr period, followed by 2S g (1.4 moles) of H20. The mixture was 
allowed to stand over night and was filtered to give 617 g (4.5 moles) of 
solid triethylamine hydrochloride and a clear filtrate. Distillation of 
the filtrate gave, in addition to a forerun, bp 78-112"C, the fractions 
shown in Table 23. 
The product was cooled to room 
F62-15-1. - A solution of 0.5 g NaOH in 15.0 g (0.833 mole) of 
H20 was added slowly, with rapid stirring, to 227.9 g (1.25 mole) of MPMS. 
The mixture was refluxed for 1 hr and then distilled to a pot temperature 
of 120°C. C02 was bubbled through the residual liquid for 2 hrs. 
product was filtered to give 161 g (85% yield) of crude trimethyltriphenyl- 
dimethoxytrisiloxane, Go 1.5227. 
This 
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TABLE 23 - PRODUCTS FROM REACTION OF D I M E ~ I C i ~ L O R O S I L A N E  
WITH ETHANOL AND WATER 
Cut No. 
F61-116-2 
F61-116-4 
F61-116-5 
F61-116-6 
F61-116-7 
F61-116-8 
F61-116-9 
F61-116-10 
F61-116-11 
F61-116-12 
F61-116-13 
Boil ing Range, 
" C I ~  Hg
112 - 1381740 
2411.6 - 6311.6 
5911.5 - 6911.8 
7111.7 - 9311.7 
9712.0 - 10711.9 
110/1.9 - 13811.9 
14311.9 - 17511.9 
19013.0 - 20613.0 
208/2.8 - 23212.8 
24012.8 - 24412.8 
Residue 
W t . ,  
B 
22 
47 
16 
27 
25 
39 
35 
17 
15 
8 
61 
1.3897 
1.3929 
1.3938 
1.3946 
1.3961 
1.3972 
1.3990 
1.4002 
1.4010 
1.4017 
1.4035 
- n, Average No. 
Unit s/Molecule 
of Si loxane a 
2.3 
3.3 
3.5 
3.8 
4.6 
5.4 
7.1 
9.0 
10.5 
12.0 
ca.  20 
Yield, X 
4.0 
9.8 
3.4 
5.7 
5.5 
8.9 
8.2 
4.1 
3.8 
1.9 
15.7 
71 t o t a l  
- 
a - These va lues  a r e  based upon r e f r a c t i v e  index. For t h e  lowest b o i l i n g  
f r a c t i o n ,  t h e  va lue  i s  probably somewhat too high because of contamina- 
t i o n  with t r ie thylamine .  
F61-140-1. - A s o l u t i o n  of 645 g (5 moles) of DMCS i n  600 ml of 
THF was s t i r r e d  r a p i d l y  while a s o l u t i o n  of 45 g (2.5 moles) of water i n  
300 ml of THF was added over a period of 2 hrs .  The s o l u t i o n  was re f luxed  
f o r  2 h r s  and d i s t i l l e d  t o  a pot temperature of 135OC t o  g ive  369 g (73% 
2o 1.4104, dZo 1.0271, which w a s  then y i e ld )  of r e s i d u a l  c o l o r l e s s  l i q u i d ,  
d i s t i l l e d  through a Vigreux column t o  g ive  f r a c t i o n s  F61-142-1 t o  F61-142-4 
df Table 4. 
%I 
F61-137-1. - A so lu t ion  of 573 g (3 moles) of MPCS i n  600 ml of 
THF was s t i r r e d  r ap id ly  while a s o l u t i o n  of 36 g (2 moles) of water i n  
500 ml of THF was added over a period of 2 hrs .  The s o l u t i o n  was s t i r r e d  
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for an additional 3 hrs, allowed to stand over night at room temperature, 
and then distilled to a pot temperature of 230°C t o  give 494 g (calc. 
463 g) of residual liquid, n20 1.5317, dzo 1.1329. Elemental analysis 
indicates a chain length of approximately 3.7 silicon atoms. 
D 
Anal. Calc. for C25,9Hi9.6Si3.702.7C12:C, 55.66; H, 5.34; Si, 18.59; C1, 12.69. 
Found: C, 55.77; H, 5.76; Si, 17.83; C1, 12.89. 
Redistillation of this liquid gave fractions F61-142-6 and 
F61-142-7 of Table 4. 
Anal. Calc. for C23.1H26.4Si3.302.3C12: C1, 14.06. 
Calc. for C43,4H49.6Si6.205.2C12: C1, 7.88. 
The physical properties and analyses agree reasonably well with those of 
Daud t and Hyde . 
Found: 14.0 (F61-142-6). 
Found: 7.94 (F61-142-7). 
6 
D98-83-9. - A mixture of 296 g (1 mole) of octamethylcyclotetra- 
siloxane, 129 g (1 mole) of DMCS and 0.09 g of FeC13 was held at 50°C in 
a sealed tube for 28 hrs. The liquid was decanted from the solid residue 
to give 425 g (100% yield) of greenish liquid with a calculated average 
composition of Cl[Si(CH ) 01 Si(CH ) C1. 
3 2  4 3 2  
F62-21-1. - A solution of 32.6 g (0.3 mole) of TMCS, 57.3  g 
(0.3 mole) of MPCS, and 100 ml of THF was stirred while a solution cf 5.40 g 
(0.3 mole) of water in 100 ml of THF was added over a 1 hr period. The 
mixture was refluxed for 1 hr and then distilled to a pot temperature of 
100OC. 
73.5 g, 14.5% Cl). 
TMS-MPS8.7-C1 or to MPS18.5C12. 
presumably presmt partly as unreacted TMCS and partly as dissolved HC1. 
The residual product weighed 63.1 g and contained 2.75% C1 (calc. 
This Ci content corresponds to a composition of 
The distillate contained 0.6 mole of C1, 
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F62-22-2. - The procedure was repeated except t h a t  t h e  d i s t i l l a -  
t i o n  w a s  continued t o  a pot  temperature of 156OC t o  give 58.4 g of r e s i d u a l  
product containing 5.1% C 1 .  
o r  t o  MPS8.7C12. 
This  a n a l y s i s  corresponds t o  TMS-MPS4.3-C1 
The d i s t i l l a t e  contained 0.7 mole of C 1 .  
F62-24-1. - The procedure was repeated,  using only 2.70 g 
(0.15 mole) of water. The r e f l u x  period was increased t o  90 min, and t h e  
d i s t i l l a t i o n  was taken t o  a pot temperature of 15OOC. The r e s idue  weighed 
57.9 g and contained 20.4% C 1 .  This  a n a l y s i s  corresponds t o  a mixture t E  
2.2 moles of TMS-ME'S-C1 and 1 mole of unreacted MPCS o r  t o  MpS2.2C12. 
The d i s t i l l a t e  contained 0.51 mole of C1. 
F62-27-1. - The procedure was repeated,  using 76.8 g (0.4 mole) 
21.7 g (0.2 mole) of TMCS, and 7 . 2 1  g (0.4 mole) of H 2 0 .  of MPCS, The 
r e f l u x  t i m e  was 1 h r  and d i s t i l l a t i o n  w a s  taken to a pot temperature of 
15OOC. The r e s i d u a l  product weighed 73.6 g and contained 3.0% C 1 ,  which 
corresponds t o  'l'lIS-MPS7eg-C1 or  t o  MpS16,gC12. 
F62-28-1. - A s o l u t i o n  of 32.3 g (0.2 mole) of VCS, 50.8 g 
(0.47 mole) of TMCS, and 80 ml of THF was s t i r r e d  r a p i d l y  v h i l c  a s o l u t i o n  
of 6.6 g (0.37 mole) of water i n  13 ml of THF was added over a 1 h r  per iod.  
The mixture was then ref luxed f o r  1 hr  and d i s t i l l e d  t o  a pot temperature 
of 142°C. The r e s i d u a l  product weighed 3 8 . 3  g and contained 5.3% C 1  
(0.06 mole). The HC1 t h a t  got  p a s t  t he  condenser was trapped i n  water. 
I t  amounted t o  0.49 mole. The d i s t i l l a t e  contained 0.40 mole of hydrolyzable 
C 1  and HC1. Total  recovery of C 1  was 89%. 
F62-46-1. - A mixture of 66.7 g (0.56 mole) of TMES, 108 g 
(0.565 mole) of MPCS, and 0.3 g of FeC13 was ref luxed f o r  5 h r s .  E f f luen t  
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from the  r e f l u x  condenser was caught i n  a Dry Ice t r ap .  The t r a p  yielded 
5 1  g of l i q u i d ,  which was d i s t i l l e d  t o  give 26.9 g of crude e t h y l  c h l o r i d e ,  
bp <27"C, and 24.1 g of a mixture of TMCS and TMES, bp 59-90°C. An at tempt  
w a s  made t o  d i s t i l  t he  103.7 g of r e s idue  i n  the  r e a c t i o n  f l a s k  under vacuum. 
A f r a c t i o n  (14 g) ,  bp 66-11OoC/740 mm, presumably TMCS + TMES, was recovered 
from the  cold t r a p ,  but t he  re-Ander f a i l e d  t o  d i s t i l .  It was an o i l  
containing 2.8% C1, which corresponds t o  t h e  s t r u c t u r e  
(CE ) s i  
3 3  
F62-47-1. - A mixture of 91  g (0.5 mole of MF'MS, 85.3 g (0 .5  mole) 
of DMPS, and 0.2 g of FeC13 was heated gradual ly  to  210°C under r e f l u x .  
Refluxing occurred during p a r t  of t he  heat ing per iod,  bu t  stopped toward 
the end. About 3 g of material passed through the  r e f l u x  cnndenser and 
was co l l ec t ed  i n  a Dry Ice t r a p .  The r e s idue  i n  t h e  f l a s k  was d i s t i l l e d  
a t  0.2-0.3 mm t o  g i v e  the  following f r a c t i o n s :  
bp, 'C a t  0.2-0.3 mm 
F62-47-2 49 - 50 34.9 
F62-47-3 51  - 90 7 
F62-47-4 90 - 165 54.2 
F62-47-5 165 - 224 38 
Residue 10  
Y i e l d ,  g 
Elemental a n a l y s i s  of F62-47-2 gave the  following r e s u l t s :  
C ,  62.48; H, 7.62; S i ,  17.36; C 1 ,  2.83; 0,  8.47. Calc. f o r  
FH3 YH3 
75% (CH3) S i - 0  - Si-OCH3 + 25% (CH3) Si-0 - S i  - C1 : 
I I 
'gH5 
2 '  
'gH5 'gH5 
C ,  62.32; H ,  7.06; S i ,  18.50; 121, 2.89; 0 ,  9 . 2 4 .  
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Preparat ion of Silicone-Modified P o l y e s t e r s  
D98-75-4 (ES-1). - A mixture of 22.4 g (0.107 mole OH, 0.0574 mole 
fumarate) of F61-94-2 was warmed with 9.56 g (0.05 mole) of MPCS. HC1 was 
evolved rap id ly .  
f o r  2 nrs t o  give a c l e a r  amber l i q u i d  weighing 28.2 g (calc. 28.3 g) , 
which was cooled t o  100°C and dissolved i n  6.01 g (0.058 mole) of ST. 
The mixture was heated slowly t o  200°C and held t h e r e  
R t  room temperature t h i s  material was a clear amber s o l u t i o n ,  v i s c o s i t y  
V-W (Gardner). 
2 h r s  a t  140°C t o  g ive  a clear amber r e s i n  (D98-77-1). Th i s  r e s i n  was 
A 5 g salllple was mixed with 0.05 g of TBP and heated for 
st rong and f a i r l y  hard. 
D98-77-6 t o  -9. - The polyester  F61-94-2 was heated with t h e  
s toichiometr ic  amount of each of t h e  ethoxydimethylsiloxanes D98-74-2, 
D98-74-5, D98-74-6, and D98-74-7. After 4 h r s  a t  175-180°C, t he  mixtures 
were st i l l  incompati->le. I n  t h e  case of D98-74-7, t h e  pol.yester l aye r  
became more viscous,  but  t h e  o t h e r s  d i d  no t  change appreciably.  
D98-78-1 t o  -4. - A s to i ch iomet r i c  mixture of F61-94-1 and 
D98-74-7 was heated with a small amount of each oi' t he  following c a t a l y s t s :  
tetramethylammonium hydi-oxide, potassium hydroxide, sodium methoxide, and 
p-toluenesulfonic ac id .  During a cook of 1 hr a t  1 5 O o C  and 30 min a t  175"C, 
the f i r s t  three mixtures became red-brown and apparent ly  reacted slowly as 
shown by some bubbling, increased v i s c o s i t y  of t h e  po lyes t e r  layer,  and 
decreased volume of s i loxane l a y e r .  However they remained incompatible. 
The last  run remained l i g h t  yellow. It reacted more r a p i d l y  than t h e  
o thers ,  with bubbling and an inc rease  i n  v i s c o s i t y  of t he  po lyes t e r  l a y e r .  
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The polyester finally became too viscous t o  stir, while a small amount of 
siloxane remained as a separate phase. This mixture was not soluhle in ST. 
D98-79-2 to -7. - Small samples of D98-74-7 were mixed with 
approximately a 20-fold excess of the polyesters F61-94-2, F61-96-1, 
F61-94-1, F61-126-1, and F61-131-1. A trace of p-toluenesulfonic acid 
was added t o  each mixture, and also to a sample of F61-96-1 by itself. 
A l l  of them were heated with stirring at 160-180°C. Insoluble gels were 
formed in all cases. 
polyester before the desired condensation reaction occurs. 
Apparently the catalyst causes ge1a:ion of the 
D98-80-1 (ES-5). - A mixture of 22.1 g (0.1 mole OH, 0.068 mole 
fumarate) of F61-126-1 polyester and 23.2 g (0.1 g atom C1) of F61-137-1 
(chloro terminated methylphenyltrisiloxane) was heated with stirring. 
After 3 hrs at 17SoC, the solution was heated to 20OoC and held at that 
temperature for 30 min with a slow nitrogen sparge to give 41.8 (calc. 
41.6 g) of clear yellow liquid. 
7.1 g (0.068 mole) of ST was added. A clear solution was obtained, wnich 
became cloudy at rcclm temperature. TBP (0.49 g, 1%) was added, 2nd the 
resin was cured at 140OC. It became tack free (at 140OC) in less than 
This prodcct was cooled t o  150°C and 
45 min, but cure was continued for 18 hrs to give a clear yellow cake 
(D98-80-5) with a slight oily surface coating. Hardness was Shore D50. 
- F52-25-2 (ES-37). - A mixture of 20 g of F61-138-1 and 6 g (0.03 g 
atom C1) of F62-24-1 was heated for 45 min at 115OC and 1 hr at 125'C to give 
24.9 g of product, which was mixed with 7 g of ST. The mixture was not 
homogeneous. When it was heated in an effort to obtain a homogeneous 
solution, the product gelled. 
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F62-13-2 (ES-34). - - A mixture of 27.25 s (0.14 mole OH) of 
F61-138-1 and 14.78 g (0.13 mole) of TMCS was ref luxed with s t i r r i n g  f o r  
1 h r .  The temperature of t he  b o i l i n g  l i q u i d  remained a t  105-110°C. 
Naterial was then d i s t i l l e d  t o  raise the  pot  temperature. Cooking w a s  
continued f o r  2 h ra  a t  1 7 0 D C  and 2 h r s  a t  200°C. The r e s i d u a l  product 
veighed 27.8 g. Apparentlv t h e r e  was very l i t t l e  reac t ion .  
---_ F62-17-1. - F61-138-1 (1'7.25 g, 0.14 mole OH) w a s  melted and 
stirred a t  165°C under r e f l u x  whi le  14.8 g (0.13 mole) of TMCS was added 
from a dropping funnel  dur ing  a 3.5 h r  period. The mixture  w a s  ref luxed 
fo r  a n  a d d i t i o n a l  6 h r s  a t  a pot  temperature of 130°C. The materials 
remained incompatible and most of the TMCS \<as recovered. 
F6.2-19-1 ~ (ES-34). - A solution of 2 7 . 2 5  g (0.14 OH) of F61-138-1 
i n  50 r n l  of THF w a s  s t i r r e d  while a R i s t u r e  of 11.28 g (0.07 mole) of HMDS 
arid 1 g of TMCS was added. The mixture w a s  ref luxed f o r  30 niins and f i l t e r e d .  
The f i l t r a t e  was boi led c'txn and heated to 180°C to give 31.0 g (calc .  
37.3 g) of brown r e s i n ,  which was dissolved i n  10 s of ST. A sample of 
the s o l u t i o n  was catalvzed wi th  19: TRP and cured a t  140°C f o r  L6 hrs  t o  give 
a resin, Shore D80. 
F62-19-2 (ES-34).  - A s o l u t i o n  of 27.25 g of F61-138-1 i n  50 m l  
of pyr id ine  was s t i r r e d  while  11.28 g of HFWS was added, followed by 1 g of 
TMCS. A f t e r  10  min a t  50°C ttic mixture was filtered, and the f i l t r a t e  
boi led down t o  200°C t o  g i v e  37.5 g of c l e a r  brown res idue ,  which was 
dissolved i n  7.5 s of ST. A sample w a s  catalyzed with 12 TRP pnd cured a t  
lLO°C for  16 h r s  t o  g ive  ii cl t>ar  brown r e s i n ,  Shore D 7 5 .  
F62-20-2 (ES-34). - A s o l u t i o n  o f  27 .25  g of F61-138-1 i n  40 ml - - - - _- - - -___ - 
d pyridine was s t i r r e d  while  11.28 g of  ItMW wcls  .qddcd, followed by 3 drops 
of TMCS. 
and w a s  then boi led  down t o  115OC to  g ive  32.2 g of r e s idue ,  which w a s  
The mixture was allowed to  s tand  over n igh t  a t  room temperature  
d isso lved  i n  7.5 g of ST, ca ta lyzed  wi th  1% TBP, and cured fo r  16 h r s  
at 140OC. Shore D hardness  w a s  83. 
- F62-31-2 (ES-39). - A mixture  of 14.5 g (0.053 g atom C1) of 
362-31-1 and 27.1 g (0.053 mole OH) of F61-131-1 w a s  heated s lowly to  170OC. 
The product w a s  cooled to  100°C and d isso lved  i n  9.4 g of ST. A sample 
was ca ta lyzed  with 1% TBP and cured f o r  16 h r s  a t  140°C t o  g ive  a hom- 
geneous r e s i n ,  Shore D88 .  The uncured material separa ted  i n t o  t w o  l a y e r s  
on s tanding  over n igh t  a t  room tcmperature.  
F62-18-2 (ES-35). - A mixture  of 12.5 g (0.065 m o l e  OH) of 
F62-12-1 and 14.8 g (0.065 mole methoxy) of Fb2-15-1 w a s  heated f o r  1 h r  
a t  100-125°C t o  g ive  20.1 g (calc. 25.2 g) of product ,  which w a s  d i s so lved  
i n  7 . 5  g of ST. 
16 h r s  a t  14OOC t o  g ive  a r e s i n  wi th  a Shore D hardness of 84. 
The s o l u t i o n  w a s  ca ta lyzed  wi th  1% TBP and cured f o r  
398-98-6 (ES-48). - A mixture  of 9.4 g (0.32 mole methacrylate)  
of D98-97-4 (Table 8 )  and 6.0 g (0.02 mole fumarate) of F61-131-1 po lyes t e r  
was warmed u n t i l  t he  po lyes t e r  w a s  melted. The two materials were not 
compatible, so ST was added i n  0.02 mole increments as a r e a c t i v e  cosolvent .  
Addition of 12.5 g (0.12 mole) cf ST gave a system t h a t  was mostly one phase,  
with only a trace of a second l i q u i d  phase. The mixture was ca ta lyzed  wi th  
1 X  TBP arid cured a t  140°C f o r  24 hrs .  The product was a c l e a r  r e s i n ,  which 
appeared homogeneous. However, c l o s e r  examination revealed t h a t  i t  con- 
s i s t e d  of t w o  l a y e r s ,  about equal  i n  th ickness ,  which could be s p l i t  a p a r t .  
Shore D hardness was 88 f o r  t he  top l aye r ,  90 f o r  t h e  bottom l a y e r .  
A second run (D98-97-6) was made i n  t h e  same way, using t h e  same amounts of 
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D98-97-4 and ST, with 6.50 g (0.02 mole fumarate) of F61-126-1. Again 
the cured resin formed two equal layers, top layer Shore D85, and bottom 
layer Shore D90. A third run (D98-97-8) was made, in which 2-ethoxyethanol 
was used as a non-reactive solvent. 
of F61-126-1, 2.345 g of D98-37-4, and 4 g of 2-ethoxyethanol. This 50% 
solution was nearly clear. It was catalyzed with TBP (1% of solids) and 
baked at 140°C for 24 hrs to give a hazy, fragmented resin, Shore D88. 
A mixture was made containing 1.625 g 
Preparation of Silicone-Modified Polymethacrylates 
The following monomers were used in preparing the methacrylate 
siloxanes: MAPS, MPMS, and DEES). The procedure used was to mix the silane 
monomers, add the required amount of water, with i? drop or two of conc. 
HC1, stir for 30 min at rcom temperature and 30 min at lOO"C, and finally 
sparge with nitrogen for 10 nin at 100°C. 
liquids, samples of which were catalyzed with 1% tert butyl perbenzoate 
and cured for 16 hrs at 140°C. 
Table 8 .  
The products were colorless 
The compositions prepared are shown in 
Preparation of Silicone-Modified Epoxies 
D98-90-1 (EpS-8). - A mixture of 11.07 g (0.05 mole) of A P S ,  
18.23 g (0.10 mole) of MPMS, and 3.15 g (0.175 mole) of a t e r  was stirred. 
There vas a slight exothem,, and a clear, colorless liquid was obtained in 
about 10 min. After 16 hrs at  rcom temperature it was mixed with 18.8 g 
(0.1 mole epoxide) of E 8  to give R homogeneous liquid. 
of this product, heated to 50°C,ge l led  in 15-20 min. Another sample, 
A small sample 
58 
s to red  at room temperature, gelled i n  about 90 min. A t h i r d  sample was 
cured as shown i n  Table 11 to g ive  a r e s i n  conta in ing  11.1% Si (calc.). 
D98-87-4 (EpS-9). - Two s i loxanes  were prepared. The f i r s t  w a s  
i d e n t i c a l  to  t h e  s i loxane  po r t ion  of D98-9&1. The second was prepared by 
t h e  same procedure, using 23.63 g (0.1 mole) of GPS, 36.46 g (0 .2  mole) of 
MPMS, and 6.31 g (0 .35  mole) of water. The mixture became homogeneous i n  
about 50 min. 
l i q u i d  of low v i s c o s i t y .  
w a s  between 4 and 20 hrs .  
The two s i loxanes  were blended t o  g ive  a c l e a r ,  c o l o r l e s s  
G e l  t i m e  f o r  t h i s  material a t  room temperature 
D98-93-1. - A mixture of 47.26 g (0 .2  mole) of GPS, 72.92 g 
(0 .4  mole) of ME'MS, and 12.62 g (0 .7  mole) of water w a s  s t i r r e d  f o r  1 h r  
a t  room temperature t o  give a c o l o r l e s s  so lu t ion .  
heated f o r  2.75 h r s  a t  80-90°C, with n i t rogen  sparging t o  g ive  98.50 g 
of c o l o r l e s s  so lu t ion .  Since hydrolysis  appeared incomplete,  an a d d i t i o n a l  
12.62 g of water and 2 drops of cone. HC1 were added. The s o l u t i o n  w a s  
s t i r r e d  f o r  1 h r  a t  60°C. I t  was then sparged wi th  n i t rogen  a t  75435°C 
f o r  1.5 h r s  t o  g ive  a c o l o r l e s s ,  v i scous  l i q u i d  weighing 88.00 g (ca lc .  
87.94 g f o r  complete conversion of a lkoxys i lanes  to  s i loxanes) .  Af te r  
6 weeks a t  room temperature,  t h e  material w a s  s t i l l  a clear, c o l o r l e s s  l i q u i d .  
D98-94-1 (EpS-10). - A mixture of 4 . 4  g (9.01 mole epoxy) of 
This  product w a s  
D98-93-1 and 0.65 g (0.006 mole anhydride) of PMDA was warmed with s t i r r i n g .  
The PMDA gradual ly  dissolved t o  g ive  a t  12OoC, a c l e a r  yellow s o l u t i o n ,  
which increased i n  v i s c o s i t y  and formed a s o f t  gum soon a f t e r  becoming 
c l ea r .  The gum was l a r g e l y  so lub le  i n  THF. It was baked for  2.5 h r s  a t  
120°C and 3 h r s  at 2OO0C t o  g ive  a c l e a r  yellow r e s i n ,  Shore D80. 
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D98-94-2 (EpS-11). - - A s o l u t i o n  of 4.4 g of D98-93-1, 0.93 g 
(.0085 mole anhydride) PMDA, and 25 m l  of THF w a s  re f luxed  f o r  9 h r s  t o  
g ive  a c o l o r l e s s  s o l u t i o n  of l o w  v i s c o s i t y ,  which was boi led  down t o  
7.28 g (73% s o l i d s )  t o  give a cloudy, moderately v iscous  so lu t ion .  A f t e r  
s tanding a t  room temperature over n igh t ,  t h e  s o l u t i o n  depos i ted  a whi te  
p r e c i p i t a t e .  When i t  w a s  heated f u r t h e r ,  t h e  p r e c i p i t a t e  d i sso lved  and 
t h e  so lu t ion  ge l l ed  a t  about t he  same t i m e .  
D98-95-2-(EpS-12). - - A mixture of 4.4 g of D38-93-1 and 1.37 g 
(0.0085 mole anhydride) of STDA w a s  warned wi th  s t i r r i n g .  It became more 
viscous and f i n a l l y  ge l l ed  before  becoming c l e a r .  
f o r  3.5 h r s  a t  140°C and 2 h r s  a t  200°C t o  g ive  a tough. opaque r e s i n ,  
Shore D80. 
The opaque ge l  was baked 
D98-95-3 (EpS-13). - A mixture of 4.4 g of D98-93-1 and 1.09 g 
0.00567 mole) of TMA was warmed with s t i r r i n g  u q t i l  a v i scous ,  near ly  
clear so lu t ion  was obtained.  I t  was cu red  a t  140°C f o r  3.5 h r s  and a t  
200°C f o r  2 h r s  t o  g ive  a c l e a r  yellow r e s i n ,  Shore D80. 
D98-95-4. - The f i rs t  s t e p  i n  t h e  procedure of D98-90-1 was 
repeated to  give a polysi loxane conta in ing  0.05 mole of amine. The 
r e s u l t i n g  l i q u i d  was added i n  10 min t o  a warm s o l u t i o n  of 10.91 g (0.05 mole) 
of PMDA in 125 m l  of THF, and the  mixture was boi led  down t o  67.00 g t o  
g ive  a c o l o r l e s s  s o l u t i o n  of low v i s c o s i t y ,  43.5% s o l i d s  ( ca l c . ) .  Af t e r  
5 weeks a t  room temperature,  t h e  product remained a c l e a r  c o l o r l e s s  l i q u i d .  
D98-96-1 (EpIS-1). - A mixture  of 11.39 g (O.GO85 mole anhydride) 
of D98-95-4 and 1.88 g (0.01 mole epoxide) of E8 was boiled down t o  a 
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weight of 10.0 g (67X s o l i d s )  t o  g ive  a c l e a r ,  v i scous  so lu t ion .  It was 
baked f o r  2 h r s  a t  140°C and 2 h r s  a t  2OO0C t o  g ive  a clear yellow r e s i n ,  
Shore D85. 
D98-96-2 (EpIS-2). - A mixture of 11.39 g of D98-95-4 and 4.40 g 
of D98-93-1 was boi led  down t o  12.0 g (77% s o l i d s )  t o  g ive  a c o l o r l e s s ,  
viscous so lu t ion ,  which w a s  baked f o r  2 h r s  a t  140°C and 2 h r s  a t  200°C 
t o  g ive  a c l e a r  yellow r e s i n ,  Shore D75. 
F32-67-1 (EpIS-1). - The composition of D98-96-1 was prepared on 
a l a r g e r  scale, using a small amount of DMF t o  c u t  down t h e  amount of THF 
used. A so lu t ion  was prepared from 54.5 g (0.25 mole) of PMDA, 313 m l  THF, 
and 23 m l  DMF by hea t ing  to  50°C. A second s o l u t i o n  w a s  prepared by mixing 
55.35 g (0.25 mole) of APS, 91.15 g (0.50 mole) of MPMS, and 16 g of H 2 0  
f o r  s eve ra l  a inu te s .  The second so lu t ion  was added t o  t h e  f i r s t  over a 
15  min per iod,  keeping the  temperature a t  40-50°C by i n t e r m i t t e n t  cool ing.  
This  so lu t ion  was then concentrated t o  297 g ,  mixed with 55 g (0.293 eq) 
of E8, and combined with an equal  por t ion  of r e s i n  prepared i n  a l i k e  manner. 
The add i t ion  of 50 g of EEA gave a r e s i n  of Gardner v i s c o s i t y  B and 56.6% 
r e s i n  s o l i d s .  
using the  f i lament  winding machine to give  the  prepreg used f o r  laminates  
F62-70-1, F62-71-3, and F62-80-1 (Table 20). 
This s o l u t i o n  was coated on Hercules AS-4 g raph i t e  f i b e r  
F32-73-1 (EpS-12). - A mixture of 712 g (3  moles) of GPS and 
1,094 g ( 6  moles) of MPMS was s t i r r e d  while adding a s o l u t i o n  of 30 drops 
of conc. HC1 i n  668 g (37 moles) of H20.  
a t  80°C t o  g ive  a c l e a r  so lu t ion ,  which was sparged with N2 a t  about 80°C 
u n t i l  a weight of 1,386 g was a t t a i n e d .  
The product w a s  s t i r r e d  f o r  2 h r s  
A 353 g (0.764 mole of epoxy) 
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por t ion  of t h i s  material was warmed and s t i r r e d  while adding a s l u r r y  
prepared from 104.3 g (0.324 mole) of BTDA, 127 g DMF, 127 g THF, and 25 g 
DEE (warmed to 100°C). The s o l u t i o n  was cooled and concentrated t o  718 g 
with ni t rogen sparging. 
s o l u t i o n  was coated on Hercules AS-4 g r a p h i t e  fiber on t h e  f i lament  winding 
machine t o  give t h e  prepreg used i n  making laminates  F62-86-1, F62-88-1, 
F62-89-1, and F62-89-2 (Table 20). 
V i scos i ty  w a s  Gardner B-C a t  64% s o l i d s .  Th i s  
F32-91-1 (EpS-11E) . - A mixture of 347 g (1.5 moles) of GPS and 
592 g (3.0 moles) of MPMS was s t i r r e d  while adding a s o l u t i o n  of 5 drops 
of conc. H C 1  i n  34.5 g (5.25 moles) of H 2 0 .  
of PMDA was added, followed by 200 m l  of MOE. 
80-100°C f o r  4 h r s  and allowed t o  cool .  EEA and TiiF w e r e  added i n  p o r t i o n s  
Af t e r  10 min 132 g (0.6375 mole) 
The s o l u t i o n  was held a t  
u n t i l  a t o t a l  of 110 m l  of each had been added and t h e  v i s c o s i t y  had been 
reduced t o  Gardnes B .  The r e s u l t i n g  s o l u t i o n  (66% s o l i d s )  was used i n  
making laminates F62-102-2, F62-103-1, F62-103-2, F62-103-4, and F62-104-1. 
F32-92-1 (EpIS-IE) . -  _- A mixture of 110.7 g (0.5 mole) of APS, 
180.2 g (1.0 mole) of MPMS, and 31.5 g (1.75 moles) of H,O was s t i r r e d  
u n t i l  c l e a r  (about 10 min). This s o l u t i o n  was added with s t i r r i n g  t o  a 
s o l u t i o n  of 109.1 g (0.5 mole) of PMDA i n  1,000 m l  of THF. The misture  
- 
was refluxed f o r  30 niin, iilised w i t h  1,000 n i l  of PiOE, and reflused 1 hr .  
This  s o l u t i o n  was d i s t i l l e d  t o  a pot t enpe ra tu re  of 120"C,  cooled t o  5OoC, 
and mixed with 110.7 g of E 8 .  The product (Cardner D v i s c o s i t y )  was used 
f o r  laminates F62-106-2 and F62-106-4. 
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Preparation of Silicone-Modified Polyimides 
F31-7?-2. - A nitrating solution was prepared from 58 ml acetic 
anhydride and 42 ml of 9C% fuming nitric acid at about -1OOC. 
solution with stirring was added (40 min) 50 g (0.175 mole) of diphenyl- 
tetramethyldisiloxane in 250 ml of methylene chloride. The temperature was 
kept at -7OC or below during addition, and at 10°C or below for the following 
To this 
hour. The resulting material was poured into water and the methylene 
chloride solution washed with water until the washings were essentially 
neutral. The solution was dried over night over calcium chloride. 
The calcium chloride was removed by filtration and the methylene 
chloride by evaporation under a stream of nitrogen, leaving about 50 g of 
a dark oil smelling strongly of nitrobenzene. This material was subjected 
to vacuum at 5 mm and 100°C but still retained a strong nitrobenzene odor. 
The oil was taken up in 200 ml of absolute alcohol and hvdro- 
genated in the presence of 0.5 g 5% pd-on-C at 20-55 psi and a temperature 
up to 44°C in a small Parr hydrogenator. 
64 p s i ,  roughly equivalent to 1 mole, about what would be needed to 
hydrogenate 0.175 mole containing 2 nitro groups. 
Total pressure drop was about 
The mixture was filtered, 
concentrated under nitrogen, treated with water, extracted with methylene 
chloride, and dried over sodium sulfate. 
The residue after solvent removal was distilled under vacuun to 
give the following fractions: 
90-llO°C/O .4-0.5 m~ 13.8 g 
110-170°C/0.4-0.5 mm, nio 1.5476 (lit. 1.56?8)9 14.9 g (F31-77-2) 
residue 11.2 g 
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E31-80-110. - I n  a 1 R f l a s k ,  50 g (0.207 mole) of Cu(N03)*3H20 
was added i n  po r t ions  with cool ing  t o  240 m l  a c e t i c  anhydride.  To t h i s  
so lu t ion  was added 50 g (0,175 mole) of diphenyltetramethyldisiloxane 
over about a 30 min per iod.  
add i t ion  and then kept a t  32-38°C f o r  5 h r s .  
t r e a t e d  wi th  a so lu t ion  of 200 g of NaOH i n  400 g H 0, keeping t h e  tempera- 
t u r e  below 40°C. 
and the  combinec 
and so lvent  removed under n i t rogen  with warming. 
hydrogenated as above, g iv ing  a f t e r  so lvent  removal about 48 g of product.  
This  m a t e r i a l  was d i s t i l l e c ' ,  g iv ing  15 g up t o  16OOC (0.5 mm), a small dark  
f r a c t i o n ,  16O-17O0C, and a dark  res idue .  
The temperature was kept a t  25-32°C dur ing  
The s o l u t i o n  was cooled and 
2 
The mixture  was ex t r ac t ed  twice with methylene ch lo r ide  
e x t r a c t  was d r i ed  over CaC12. The s o l u t i o n  was f i l t e r e d  
The remaining o i l  was 
A n i t r a t i n g  mixture was prepared by adding 150 ml of a c e t i c  
anhydride t o  a s o l u t i o n  of 63 g (0.261 mole) Cu(N03) *3H20 i n  100 m l  
su l fo l ane  wi th  cool ing.  To t h i s  so lu t ion  was added 50 g (0.175 mole) of 
diphenyltetramethyldisiloxane i n  26 ml of su l fo l ane .  Addition time was 
38 min, with the  temperattire kept  b e l o a  42°C. The s o l u t i o n  was s t i r r e d  
another  25 min and then neu t r a l i zed  with 120 g NaOH i n  240 g H20. This  
gave a gooey green mess which was ex t r ac t ed  four  times w i t h  100 ml por t ions  
of methylene ch lor ide .  
t h i s  mixture was ex t r ac t ed  an add i t iona l  t h ree  times with 100 ml por t ions  
of methylene ch lor ide .  The combined e x t r a c t s  bere washed seve ra l  times 
with water and d r i e d  over C a C 1 2 .  
up t o  160°C a t  2 mm t o  remove su l fo l ane  a s  w e l l  ss methylene ch lo r ide ,  
leaving only 30 g of o i l y  res idue .  
2 
More water was added t o  the  aqueous por t ion  and 
The d r i ed  f i l t e r e d  s o l u t i o n  was d i s t i l l e d  
This  product was hydrogenated as 
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before with only about 0.5 mole hydrogen uptake, corresponding roughly 
t o  t h e  30 g y i e l d .  
F32-9-1. - To 2 g of t h e  da rk  hydrogenated o i l ,  9 g of dimethyl- 
acekmide  and 1.36 g of PMDA was added. Th i s  s o l u t i o n  became s l i g h t l y  
warm but  not notably viscous.  
t o  give a b r i t t l e  f i l m .  The remainder of t h e  o i l  was subjected t o  d i s t i l -  
A sample was baked ou t  on an aluminum d i s h  
l a t i o n  i n  a molecular s t i l l .  
around 170°C a t  about 0.10 t o  .15 mm, Go 1.5494. 
About 10  g was col. lected t h a t  d i s t i l l e d  
D98-107. - A s o l u t i o n  of t he  d i e t h y l  ester of BTDA was prepared 
by r e f lux ing  a mixture of 32.22  g (0 .1  mcle) of BTDA and 100 m l  of anhydrous 
ethanol  f o r  2 hrs .  The r e s u l t i n g  c l e a r  s o l u t i o n  w a s  d i l u t e d  t o  250 m l  
w i t h  anhydrous ethanol  t o  give D98-104-3. A s o l u t i o n  of the  monoethyl 
e s t e r  of NBA w a s  prepared by r e f l u x i n g  a mixture of 32.83 cc (0.2 mole) of 
NBA and 100 m l  of anhydrous ethanol  f o r  2 h r s .  A clear s o l u t i o n  was 
obtained. However, when i t  was d i l u t e d  t o  150 m l  with a d d i t i o n a l  e thano l ,  
c r y s t a l l i z a t i o n  occurred. The mixture was f u r t h e r  d i l u t e d  w i t h  THF t o  a 
volume of 250 m l  t o  give a c l e a r  s o l u t i o n ,  D98-105-1. h mixture of 55.34 g 
(0.25 mole) o f  APS,  91.15 g (0.50 mole) of MPMS, and 15.75 g (0.875 mole) of 
H20 was s t i r r e d  u n t i l  homogeneous (about 10 m i n s )  and then allowed t o  stand a t  
room temperature f o r  1 h r  t o  give D98-105-2. The t h r e e  s o l u t i o n s  Mere blended 
i n  va r ious  proport ions t o  give the  compositions show. i n  Table 15. 
Solid r e s i n  samples were prepared by cu r ing  a 20.00 g sample of 
each of t he  f i v e  s o l u t i o n s  by t h e  following procedure. Each sample, i n  an 
aluminum d i s h ,  was t.eated € o r  3 h r s  i n  a slow stream oE a i r  on a hot p la te  
having a su r face  temperature of 100°C. Clear, viscous s o l u t i o n s  were 
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obtained. Surface s k i n s  formed but  were d isso lved  by s t i r r i n g .  The 
samples were then heated f o r  6 h r s  a t  l l O ° C  i n  a forced d r a f t  oven t o  g ive  
clear amber, tough r e s i n s  conta in ing  many l a r g e  bLbbles. 
f u r t h e r  f o r  16 h r s  a t  2OOOC. 
va lues  were d i f f i c u l t  t o  measure because of t h e  bubles ,  but  a l l  samples 
were i n  the  range of 80-85 Shore D. A l l  of t h e  samples were s t rong  and 
tough, with IS-1 judged t o  be somewhat s t ronge r  than t h e  rest. The f i n a l  
weights of t h e  specimens were as follows: 
They were cured 
There was no change i n  appearance. Hardness 
X of Calc. Wt. 
Composition W t . ,  g f o r  Complete Condensation 
IS-1 5.98 98 
IS-2 5.98 98 
IS-3 6.00 99 
IS-4 6.01 99 
IS-5 5.85 96 
Prepara t ion  of Silicone-Modified Phenol ics  
D98-100-3. - A mixture of 45.66 g (0.2 mole) of BPA and 250 m l  
of 1 ,1 ,2- t r ichloroethane was s t i r r e d  while  6.8 g (0.4 mole) of anhydrous 
ammonia was bubbled i n  over a 30 min period. 
(38"C), and a clear yellow so lu t ion  was obtained.  
s t i r red while adding a so lu t ion  of 40.53 g (0.0952 mole) of 
There was a s l i g h t  exotherm 
This  s o l u t i o n  was 
C1 S i 0  Si(CH3) C1 
(D98-83-9) i n  75 m l  of t r ich loroe thane  over a 1 5  min per iod .  
white p r e c i p i t a t e  formed and the  temperature rose t o  50°C.  The mixture 
A heavy 
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was s t i r r e d  f o r  2 h r s  a t  room temperature and then f o r  2 h r s  a t  r e f l u x .  
Af t e r  cool ing,  150 m l  of water was added, followed by conc. HC1 u n t i l  
s t rong ly  a c i d i c .  
and with t r i ch lo roe thane  and was d r i e d  a t  70'2 i n  vacuum t o  give 7.35 g of 
t an  c r y s t a l s  (D98-100-1). The combined f i l t r a t e  and washings separated 
F i l t r a t i o n  gave a s o l i d ,  which was washed with water 
i n t o  two layers. The aqueous l aye r  was discarded.  
w a s  washed f i v e  t i m e s  wi th  water and d r i e d  over Drierite. 
The non-aqueous l a y e r  
The d ry  s o l u t i o n  
w a s  evaporated i n  a stream of n i t rogen  t o  83 g. 
which was f l . l t e r e d  o f f ,  washed and d r i e d  as  before ,  t o  g ive  7.27 g of 
A p r e c i p i t a t e  formed, 
white powder (D98-100-2). The combined f i l t r a t e  was evaporated f u r t h e r  
f o r  2 h r s  a t  100°C with n i t rogen  sparging t o  g i v e  58.83 g of viscous,  amber 
l i q u i d  (D98-100-3). 
Analyses of t he  t h r e e  products are given i n  Table 2 4 ,  t oge the r  
with ca l cu la t ed  analyses  f o r  BPA and f o r  t h e  composition 
I 
CH3 
-0 OH 
Apparently, D98-100-1 i s  mostly BPA, D98-100-3 is f a i r l y  c l o s e  t o  the  
formula shown, and D98-100-2 i s  a m i x t u r e .  
D98-100-4. - A second s i l i c o n e  modified phenolic iritermediate 
w a s  prepared from BPA and MPCS. A s o l u t i o n  of 76.45 g (0.4 mole) of MPCS 
i n  150 m l  of dry THF w a s  s t i r r e d  r a p i d l y  w n i l e  adding ( 1  hr )  a s o l u t i o n  
of 5 . 4 0  g ( 0 . 3  mole) of H 2 0  i n  100 m l  of THF. The r e s u l t i n g  ssl7:tion 
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TABLE 26 - ANALYSES OF REACTION PRODUCTS OF BPA AND D98-83-9 
D98-100-1 
Analysis, x - 
C R si 0 e1 
78.91 7.04 0.44 13.09 0.29 
- - - - -
D98-100-2 73.60 7.36 4.76 13.72 0.29 
D98-100-3 
BPA, calc. 
54.77 7.87 19.56 15.84 0.28 
78.92 7.06 0 14.02 0 
calc. 56.45 7.55 19.56 16.44 0 c42.64R67.92si6. 32'9.32 ' 
w a s  allowed t o  stand for 3 h r s  and was then boi led down i n  a stream of 
dry nit rogen t o  a weight of 110 g. 
of s i loxane  oligomer having an average composition of 
The product was a c o l o r l e s s  so lu t ion  
-- D05 100-6. - A so lu t ion  of 45.66 g (0.2 mole) of BPA i n  200 m l  of 
TIIF was s t i r r e d  while bubbling i n  (1 hr)  6.8 g (0.4 mole) of anhydrous 
ammonia. 
D98-NO-4. 
50°C. The mixture was ref luxed f o r  2 hrs ,  cooled and f i l t e r e d .  The s o l i d s  
were washed with a l i t t l e  THF and then s t i r r e d  with water. 
which was extracted from the  aqueous phase with chloroform. 
so lu t ion  w a s  cmbfned with the  f i l t r a t e .  
a ni t rogen stream and then a t  100°C with n i t rogen  sparging for 3 h r s  t o  
give 100.35 g (calc. 98.35 g) oi a very viscous t a n  pas t e  containing some 
The r e s u l t i n g  clear solutfon was s t j r r e d  while adding ( 5  min) 
A heavy white p r e c i p i t a t e  formed, and the temperature reached 
An o i l  separated,  
The chloroform 
This  so lu t ion  was evaporated i n  
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suspended s o l i d .  
H, 6.38; S i ,  10.90: 0, 11.37. Found: C ,  69.25; H, 6.28; S i ,  10.90; 
Anal. Calc. f o r  C 5 5  3TH58.88Si3.6106.61: C ,  71.35: ... -~ 
0 ,  12.53; C 1 ,  0.87. 
Th i s  a n a l y s i s  corresponds approximately to  t h e  s t r u c t u r e  
D98-101-1. 
the  r e s o l e  type from 
- An a t tempt  was 
D98-100-6, us ing  
made t o  prepare a phenol ic  r e s i n  of 
r e l a t i v e l y  anhydrous cond i t ions  t o  
minimize hydro lys is  of t he  phenosv-silicon l inkages.  A mixture  of 25.09 g 
( 0 . G 2 5  mole) of D98-100-6, 100 m l  of THF, 1.65 g of paraformaldehyde 
(0.05 mole CH,O, assuming 9X water ) ,  and 1.05 g (0.0025 mole) of 40% 
benzvltrimethylnmmonium hvdroside (Tr i ton  8) i n  methanol was ref luxed wi th  
s t i r r i n g  f u r  3 h t s .  A cons idersb ic  mount  o f  white  s o l i d  sublimed onto  
the  upper p a r t  of the  f l a s k .  Tho reac t ion  mixture  was a clear yellow 
so lu t ion  containing a small  mount  of s r anu la r  s o l i d .  A small sample  of 
t he  so lu t ion  w a s  baked O U L  on a hot p!ato t o  g ive  an o i l .  Another small 
sample was a c i d i f i e d  wi th  c n n c .  HCl  and then baked out  t o  g ive  an o i l .  
Since the  r eac t ion  appearrd incomplete, 100 ml of DMF was iidded, and t h e  
mixture was d i s t i l l e d  to  a pot  temperature of 125OC. An a d d i t i o n a l  1.65 g 
of pclraformnldc.liydc~ and 1.05 g o f  4OZ T r i t o n  R w c r c  added, and thc mixture  
was s t i r r e d  a t  125-1#’C for  1 hr t o  give ;I clear  yellow s o l u t i o n  
(D98-LOl-21 weighing 175 g. A 1.00 k; s,imple o f  LNH-101-2 was baked for 
i 6  hrs a t  120°C t u  S i v e  a l i qu id  product.  Furt lwr baking for 6 hrs a t  
i 
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175OC gave two l i q u i d  phases. 
D98-101-2 and 1 drop of cone. HC1, and again using 1.00 g of D98-101-2 
and 4 drops of TMCS. 
l i q u i d  phases. 
The procedure w a s  repeated,  us ing  1.W g of 
Both samples gave products c o n s i s t i n g  of two 
CONCLUDING REHARKS 
Most of t h e  si l icone-modified unsaturated p o l y e s t e r s  t h a t  were 
prnpared were not homogeneous. 
homogeneous r e s i n s  of t h i s  class corresponds t o  a s i l i ca  r e s idue  of 21X. 
The a c t u a l  r e s idues  found a f t e r  heat ing these  r e s i n s  to  l,OOO°C i n  air  
or n i t rogen  were, i n  most cases, less than t h e  c a l c u l a t e d  va lues .  The 
loss af s i l i c o n  is bel ieved t o  be due t o  the  formation of v o l a t i l e  c v c l i c  
s i l oxanes  o r  silicate esters upon heat ing.  
t h i s  c l a s s  of r e s i n s  was not  evaluated i n  g r a p h i t e  laminates.  
The h ighes t  s i l i c o n  content  among t h e  
Because of t hese  l i m i t a t i o n s  
Silicone-modified thermosetting methacry la tes  were prepared 
with ca l cu la t ed  si l ica re s idues  up t o  63%, but b e t t e r  phys i ca l  p r o p e r t f e s  
were found i n  a composition predicted t o  y i e l d  407 s i l i c a .  
char y i e l d  at 1,OOO"C was 322. 
i n  air  a t  175-225OC, t h i s  r e s i n  had one of the  lowest rates of weight l o s s  
of the  polymers t e s t e d .  Because of t i m e  l i m i t a t i o n s  and d i f f i c u l t i e s  i n  
preparing s u i t a b l e  B-stage prepreg, the methacry la tes  were not evaluated 
ex tens ive ly  i n  laminates.  
t h i s  c l a s s  of r e s i n s  appears j u s t i f i e d .  
The a c t u a l  
In  isothermal  weight loss determina t ions  
Further s tudy of prepregging cond i t ions  for 
Silicone-modified epoxies of both amine cured and anhydride cured 
types were prepared. In  gene ra l ,  t h e  amine cured systems set up too 
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rapidly for convenience in a B-stage prepreg system. 
were obtained with anhydride cured systems of several types. In one 
system, epoxy groups were furnished by a commercial epoxy resin of the 
bisphtnol type, with a curing agent containing siloxane, imide, and 
anhydride groups. Another system employed the same curing agent with a 
glycidoxypropyl siloxane as the source of epoxy groups. A third system 
combined a glycidoxypropyl siloxane with an anhydride, such as PMDA or 
BTDA. Four resins of these types were selected for evaluation. Calculated 
silica yields were 22.5-35.7%. 
20.1-39.6%, and averaged 1.2 times the calculated values. 
Excellent results 
The actual char yields at l,OOO°C were 
Graphite fiber prepregs, prepared from the four epoxy silicones 
by filbqent winding, were fabrica ed i .  unidirectional laininales. 
Although prepreg and pressing conditions were not fully optimized, well 
consolidated laminates were obtained. For the better laminates, ficxural 
strengths exceeded 100 kpsi, flexural modulus exceeded 10 Mpsi, and 
interlaminar shear strengths were about 5 kpsi. Four 8" x 8" x 0.1" 
laminates from each of two of the resins were sent to NASA-Lewis for 
further evalaution. The anhydride cured epoxy silicones hcve demonstrated 
good processing and performance characteristics. Further investigation of 
resin formulation and fabrication conditions can be expected to give 
improved processibility and physlcal properties. 
One of the aminopropyl siloxanes prepared as an intermediate 
for epoxy silicones was also used as a polyamine in the preparation of 
silicone-modified polyimides of the PMR type. Calculated silica residue 
for these resins was 3 4 ? ,  and the average observed char weight at l,OOO°C 
?1 
w a s  43%. 
polymers were hard and appeared t o  have s u i t a b l e  processing characteristics. 
Further  research  is needed for an  adequate  eva lua t ion .  
Two classes of silicone-modifi-sd phenol ic  r e s i n s  were prepared 
Time d id  not  permit eva lua t ion  in laminates ,  but  t h e  cured 
by cur ing  phenol ic  s u b s t i t u t e d  s i loxanes  with hexamethylenetetramine. 
Calculated s i l i ca  r e s idues  for one class were about 46% and average char 
y i e l d s  at l,OOO°C were about 392. 
s i l i c a  was about 237: and char y i e l d  about 41%. 
from these  resins but  they have good cure  c h a r a c t e r i s t i c s  and hardness. 
Addit ional  work is needed to determine t h e i r  usefu lness .  
For t h e  second class, ca l cu la t ed  
No l amina tes  were made 
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